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PREFACE. 


My  essay  upon  Ametropie  en  hare  gevolgen  {"  Ametropia  and  its 
Besolts'')^  pablished  in  1860,  was  confined  to  the  anomalies  of 
re&actioD,  and  treated  of  these  exclnsively  from  the  dioptric  point  of 
riew. 

In  the  preface,  however,  I  announced  mj  intention  of  producing, 
sobseqaently  to  the  appearance  of  that  essay,  a  complete  system  of 
the  anomalies  of  refraction  and  accommodation :  the  anomalies  of 
Infraction,  including  the  subject  of  astigmatism,  were  to  be  treated  of 
^  from  an  anatomical  and  practical  point  of  view,  and  the  anoma- 
lies of  accommodation  were  to  be  developed  both  in  their  opposition 
to,  and  their  connexion  with,  the  anomalies  of  refraction. 

When,  later,  I  was  honoured  with  a  request,  on  the  part  of  the 
New  Sydenham  Society,  to  prepare  my  essay  for  an  English  edition, 
I  felt  bound  to  endeavour  to  complete  my  work  on  the  plan  alluded 
to.    This  I  have  done  to  the  best  of  my  ability.     The  experience 
of  many  years,  the  examination  of  many  thousands  of  eyes,  in  which 
r  have  been  zealously  assisted  by  several  of  my  pupils,  have  been 
made  available.     I  believe  that  my  work  has  gained  by  its  enlarge- 
ment.    I  cannot,  however,  fail  to  regret  that  its  bulk  has  increased 
beyond  my  expectation,  and  I  feel  bound  to  apologise  to  the  Coun- 
cil both  for  the  delay  in  its  appearance,  and  for  the  inconsiderate 
manner  in  which  I  have  used  the  liberty  allowed  me  for  its  exten- 
sion.    May  the  intrinsic  value  of  the  additions  made  plead  suc- 
cessfully in  my  behalf. 

One  object  1  have  kept  constantly  in  view, — ^to  make  the  book, 
notwithstanding  its  great  size,  useful  and,  in  all  its  parts,  easily 
accessible  to  the  practical  physician.  To  this  end,  in  the  first 
place,  each  subject  is  fully  treated  of  in   the  body  of  the  text; 
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consequently,  only  tliose  who  wisb  to  penetrate  more  deeply  into 
subject,  need  attend  to  the  details  of  the  mvestigatioTi,  to  the  raatl 
matical  demonstration,  and  to  the  history,  added  as  an  appendix, 
smaller  type.     And,  in  the  second  place,  to  facilitate  reference 
the  several  part^,  each  chapter  is  so  drawn  up,  that  the  reader's 
knowledge  of  what  has  gone  before,  is  not  taken  for  granted,     The 
work  forms,  iii  a  certain  sense,  a  series  of  lesser  monograplis,  united 
ill  a  single  volume,  which  is  the  emblem  of  their  mutual  connexion.^ 

For  the  oculist  it  is  perhaps  an  additional  advantage  that  I 
no  mathematician.   I  freely  admit  that  I  am  not  competent  to  foUoK 
the  investigations  of  Gauss  and  of  Bessel  in  this  department,  ; 
even  the  study  of  the  pbysiological  dioptTics  of  Helmlioltz  required' 
an  effort  on  my  part,     I  have,  therefore,  sought  a  way  of  my  own, 
and,  as  I  believe,  I  have  found  it.    The  whole  theory  of  the  cardinal    i 
points  of  compound  dioptric  systems,  as  it  is  her^  put  forward,  ]||I 
quite  explicit  and  elenieiitarv,  depending  almost  exclusively  upon  the    ' 
mutual  comparison  of  similar  triangles.    If  the  road  has  thus  become 
somewhat  longer,  it  presents  this  advantage,  that  it  lies  open  to  all. 
To  guard  against  the  possibihty  of  its  leading  on  any  point  to  error, 
I  have  requested  my  friend  Hock,  our  Professor  of  Astronomy,  to 
look  over  it,  and  to  his  kindness  I  am  indebted  for  many  improve* 
ments  in  the  form  of  the  demonstration. 


In  the  doctrine  of  the  anomalies  of  refraction  and  accommodation, 
the  connexion  between  science  and  practice  is  more  closely  drawn 
together  than  in  any  part  of  medicine- 
Science  here  celebrates  her  triumph ;  for  it  is  at  her  hand  that 
this  branch  has  acquired  the  exact  character,  which  makes  it  also 
worthy  of  the  attention  of  natural  philosophers  and  physiologists. 
It  is,  indeed,  satisfactory  to  see,  how  in  the  accurate  distinction 
between  anomalies  of  refraction  and  accommodation,  with  exclusion 
of  every  condition  foreign  to  these  anomalies,  the  system  assumed, 
as  if  spontaneously,  an  elegant  simplicity,  and  how  the  cause  and 
mode  of  origin  of  many  an  obscure  type  of  disease  emerged  into  the 
clearest  light. 
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Practice,  in  conneaion  with  science,  here  enjoys  the  rare,  but 

?pleDtIid  £!atisfaction,  of  not  only  being  able  to  give  infallible  pre- 

(tpis  based  upon  fixed  rules,  but  also  of  being  guided  by  a  clear 

msiglit  into  the  principles   of  her  actions — advantages  the  more 

highly  to  be  estimated  as   the  anomalies  in  question  are  of  more 

it  occurrence,  and  as  they  more  deeply  affect   the  use  and 

tioBs  of  the  eyes. 

la  it  then  strange  that  the  study  and  treatment  of  my  subject 

h&Te  been  to  me  a  labour  of  love  P  the  more  so,  as  I  felt  proud  in 

baTiug  been  called  upon  to  elaborate  it  for  a  country  in  which 

Young,  Wells,  Ware,  Brewster,  and  Airy  have  pointed  out  to  us 

the  track  which  we  had  only  to  follow,  and  happy  in  being  able 

to  offer  my  work   iu  this   form  to  my   highly   esteemed   friends 

and  colleagues,  whose  proofs  of  kindness  and   affection  have  left 

m\h  me  the  most  agreeable  recollection  of  my  visits  to  England. 

Among  the  privileges,  which  my  task  has  procured  me,  dear  friend 
Moore^  is  the  agreeable  relation  into  which  it  has  brought  me  with 
yon.  If  I  have  admired  your  talent,  and  highly  appreciated  your 
imweaiied  care,  I  have,  above  all,  to  thank  you  heartily  for  the 
intcreit  and  the  love,  with  which  the  difficult  task  of  the  translation 
of  my  work  has  been  accomplished  by  you,  I  feel  that  we  have 
be^me  friends,  and  friends  we  shall  continue.  You  will,  1  am 
certain^  gladly  join  me  in  thanking  the  Rev.  Professor  Haughton, 
for  the  solution  of  many  doubtful  points,  and  for  his  kind  revision  of 
oertiin  portions  of  the  work. 

P.  C.  DONDEBS, 


UtRKCHT,  2nh  Fvbrnurtf,  18(51, 


NOTICE   BY  THE  TRANSLATOR. 


preflent 


Tbx  anthar  luviiig  meotioned  in  his  preiac«  th^  circimLstj 
vUdi  hanfe  led  to  the  appearaQce  of  tlie  present  TolQiDe«  it 
remsiits  only  to  state,  in  addition^  that  eveiy  page  of  the  book 
leoedved  his  careful  correctton  and  revision.  I  ahould  wish  also 
obserrey  that  the  chapter  on  Astigmati^^m  is  not  a  mere  translatio 
of  his  essay  on  that  sabject,  published  in  the  jear  1S62,  but  that  it 
has  receiYed  so  maDv  amendments  and  additions^  as  to  represent  m 
aeoond  edition  of  the  work  in  quesftion,  brought  down  to  tlie 
day,  and  enriched  with  the  reault^  of  the  latest  researches 
upon  that  remarkable  phenomenon. 

WliOe  I  have  to  congratulate  myself,  that  Uie  free  and 
stricted  correspondence  with  Professor  Bonders,  which  it  has  been 
my  privilege  to  enjoy  dming  the  translation  of  his  work,  his 
courtesy  and  readiness  to  solve  the  difficulties  arising  from  the  com- 
plicated nature  of  the  subject-matter  of  the  bookj  and  his  accurate 
knowledge  of  the  English  language,  have  enabled  me  to  avoid  any 
serious  misconceptions  of  his  meaning;  I  am  only  too  painfully 
conscious  of  many  defects  in  the  manner  of  the  translation,  some  of 
which  my  present  experience  would  have  enabled  me  to  avoid- 
These,  as  the  wiser  coyrse_,  I  would  here  have  passed  over  iii 
silence,  were  it  not  that  I  think  it  absolutely  necessary  to  explain 
one  or  two  points  connected  with  some  of  them- 

For  examfilej  when  I  first  met  with  the  words  zenMWvlak  and 
^f*^if^k:^enmtriak,  I  translated  them  too  literally  (pp.  354  et  seq.)  by 
thii  tt^rins  '*  nerve-surface,"  "surface  of  the  optic  nerve/'  "plane  of 
the  optic  nerve,"  instead  of  by  the  shorter  phrase  ^' optic  disc/*  bj 
which  thi«  \mvl  is  now  tlcsignntcd  by  several  modern  ophthalniolo- 
gicfil  writers^  and  which  I  have  in  (he  later  sheets  of  t be  volume 
exclusively  umployed* 

In  hkti  manner  I  have  to  apologise  for  having  followed  the  Butch 
orllujgraphy  of  tbu  ttirm  "kyklitis"  (p.  370),  instead  of  that  of 
English,  Kri'ncli,  ami  German  writers,  in  accordance  with  which  the 
wonl  should  liave  been  written  "^cvcliris." 


NOTICE  BY  THE  THANSLATOR.  xi 

But  I  may,  in  reference  to  this  point,  mention,  that  the 
word  in  question  is  not  to  be  found  in  any  Medical  Dictionary 
(Mayne,  Dongh'son,  Palmer,  &c.)  which  I  have  had  an  opportunity 
of  consulting.  For  this  reason,  I  sometime  since  requested  Professor 
Bonders  to  supply  me  with  a  footnote,  giving  the  meaning  and 
derivation  of  the  term.  But  as  the  note  did  not  reach  me  in  time 
fw  insertion  in  its  proper  place,  I  venture  to  introduce  it  here, 
giving  a  reference  in  the  index,  by  which  it  may  at  once  be 
faand. 

"  Kyklitis;,  the  cyclitis  of  English  and  German  ophthalmological 
tritCTs,  the  eyclite  of  the  French,  is  a  term  recently  introduced  to 
flgnify  inflammation  of  the  dliary  muscle  (or  ligament)  and  the 
nd^boi^ring  parts  of  the  sclerotic,  and  ciliary  processes.  It  is 
derived  from  the  Greek  word  ici;icXoc^  the  circle  or  orbiculus  ciliaris." 

Having  mentiqned  these,  as  it  seems  to  me,  necessary  matters,  I 
shall  not  dwell  longer  upon  my  own  deficiencies,  nor  find  fault  with 
the  kindness  of  the  author,  which  has  led  him  to  take  a  far  too 
&voarable  view  of  the  manner  in  which  I  have  discharged  the 
bimble  part  assigned  to  me  in  the  production  of  the  English  (and  in 
point  of  priority  of  publication,  original),  version  of  his  important 
lodL ;  I  shall  content  myself  with  thanking  him  heartily  for  his 
eoortesy  and  readiness  on  all  occasions  to  solve  every  difficulty 
submitted  to  him,  and  for  the  care  with  which  he  has  revised  at 
least  two  proofs  of  every  sheet  of  the  translation.  Nor  can  I 
sufficiently  express  my  thanks  to  the  Rev.  Samuel  Haughton,  M.D., 
P.IIS.,  Fellow  of  Trinity  College,  and  Professor  of  Geology  in  the 
University  of  Dublin,  for  the  trouble  he  has  taken  in  correcting  for 
the  press  the  mathematical  portions  of  the  work.  Professor 
Haughton  has  also  been  good  enough  to  furnish  me  with  a  few 
footnotes,  to  which  he  has,  at  my  request,  attached  his  initials.  To 
Mr.  Bowman,  F.R.S.,  I  am  deeply  indebted  for  many  valuable 
suggestions,  and  for  much  important  help,  freely  and  kindly  offered, 
and  most  willingly  afforded. 


,  South  Anne  Street,  Dublin, 
March  Ath,  1864. 


1 

^^^^^H                         ^H 

1 

^^^^^^^^               GENERAL  PART. 

"■ 

^^■^       In  traduction. 

'^^M 

^^^^              4     1. — Oa  the  CoBditions  of  Accurate  Vision. — Funclion  of  the 

^M 

^^^^^H                          Retina,                   .                 .                 «                 ,                 . 

^^ 

^^^^B 

fl 

^^^^                                                    CHAPTER  r. 

V 

^^H                 ^     2. — Proofs  of  the  Existeuce  of  Accommodntion  in  the  Eye 

e^ 

^^^^                «|     3.— Change  of  the  Dioptric  System  of  the  Eye  in  Accommo 

1 

^^^^^H                            dation                ..... 

10     ^ 

^^^^P                    Note 

16 

^^^^^          S    4,— On  the  Mechanism  of  Accommodation 

20 

^^^^                       Note  to  §  4             . 

27 

^^^^H          {     5. ^Range  of  Accommodation     »                .                *                . 

28 

^^^^H                       Note  to  Chapter 

^^^^M                   Parti.     Dioptrics  of  the  Eye 

38 

^^^^^H                   Part  2.     Range  of  Accommodation 

7^1 

^^^^                                                    CHAPTER  II. 

m 

^^H          Defects  of  Refraction  and  Accommodation  in  gen  era  (. 

S 

^^m                  §     6*— Distinction  between  Defects  of  liefraction  and  of  Accom- 

^1 

^^H                                 modation              ..... 

80^ 

^^R^           {     7.— Causes  of  the  Defects  of  Refraction  in  general  . 

86      ' 

^^^^^^          I     8. — Diagrammatic  Representation  of  the  Range  of  Accommo- 

^d 

^^^^^H                         da  lion,  and  of  the  Anomahea  of  Refraction  and  Accom- 

^^ 

^^^^^1                          modation              ..... 

9dH 

^^^^H         f     9.— Clinical  Determination  of  Ametropia  in  general 

9^9 

^^^^H                      Note  to  Chapter  IE               •                .                .                . 

108 

^^^P                                                 CHAPTER 

f 

^^V         Fuller  Development  of  the  different  Meanings  of  Range  of  Accommo* 

1 

^^H                                dation. 

■ 

^^H                S  10.— Relation  hetween  Accommodation  and  Convergence  of  the 

■ 

^^^^H                          Visual  Lines  ;  Meaning  of  1  :  A,  of  1  :  A^,  and  of  1  :  A. 

110~ 

^^^^H         I  n.— Difference  of  the  Relative  Range  of  Accommodation  1  :  Ap 

^^^^^B                        according  to  the  Refractive  Condition  of  the  Eye 

H    .     . 

i 

SPECIAL  PAET. 
I* — ^Anomalies  of  Refraction      .  .  .  , 

CHAPTER  V. 

The  Emmetropic  Ejc, 

^|  H. — Definition   of  the  Emmetropic   Eye;  the  Diagrammatic 
Eye  ;  the  Simplified  Eye   .  .  »  , 

Note  to  §14  .  .  .  ,  . 

B)$. — Centre  of  Motion  and  Movements.     Angle  between  the 
"  Axis  of  the  Cornea  and  the  Visual  Line 

Note  to  §  15  . 

$  16. — Acntenesa  of  Vision,  modified  by  Age 
{  17. — Range  of  Accommodation,  modified  by  Age. —  Presbyopia* 

1*-Hypermetropia  acquiaita  ,  ,  • 

Note  to  §  17  . 

I  18, — ^Treatment  of  Presbyopia     .  ,  .  , 

Note  to  I  18  . 


CHAPTER  Vr. 


Hypermctropia :  H. 

I  \9, — Dioptric  Definition  of  the  Different  Degrees  and  Forma 

I  of  Hypermctropia 

{  20. — ^Form,  Position,   and  Movements  of  the  Hypermetropic 
Eye* — Apparent  Strabismns 
Note  to  J  20  . 

5  21. — Phenomena, — Diagnosis. — The  Vision  of  Hypermetropei* 

■    4  22.^ — Asthenopia  ....  * 

I  23. — Treatment  of  Hypermctropia,  with  Special  Reference  to 
Asthenopia  .  ♦  ,  .  . 

J  24. — Strabismus  Convergens,  the  result  of  H. 
S  25. — Aphakia  ,  .  .  .  ♦ 

Note  to  Chapter  VI.  .  .  .  . 


vw  CONTENTS. 

I 

CHAPTER  VIL  \ 

Pttf*    i 

M  jopia :  M. 

I  26. — Dioptric  DeterminatioB,  DiagiionSy  Degrees,  Occurence, 

HerediUriiice^  DerelopiiMDt  with  AdTandng  Age         .  332 
I  27. — ResulU  of  the  Ophthmlmoscopic   InTestig»tioii  of   the 

Mjopic  Eye        .....  353 
Note  to  I  27  .  .366 

§  28.— AnAtomj  of  the  Myopic  Eye  .  367 

{  29.— The  Vision  of  Myopes  ....  387 

§  30.— CompUints  and  Disturbances  in  Myopia  .  392 

}  31.— Insufficiency  of  the  Internal  Muscles  and  Direrging  Stra- 
bismus, both  results  of  M.  .  402 
J  32.— Hygiene.— Treatment.— Spcctaclea.—IIlustratiTe  Cases. 

— History  of  Myopia  ....  415 

Note  to  Chapter  VII.  .  .  .444 


CHAPTER  VIII. 

Astigmatism:  As. 

§  33, — Definition  of  Astigmatism. — R^ular  and  Irregular  Astig- 

matism  .....  449 

§  34.— Regular  Astigmatism  in  the  Normal  Eye  .  451 

$  35. — Disturbances  and  liienomena  in  High  Degrees  of  Astig- 
matism .  .  469 

§  36. — Diagnosis  of  Abnormal  Astigmatism,  and  Determination 

of  itt  Degree       .....  479 

§  37. — Cause  and  Seat  of  Abnormal  Astigmatism  .  490 

§  38. — Cylindrical  Lenses,  and  General  Rules  for  their  Employ- 
ment   ......  501 

§  39. — Nosok^y  and  Clinical  Study  of  Astigmatism  .511 

1.  Congenital  Astigmatism  .  512 

2.  Aeq[uired  Regular  Astigmatism  .  533 
Xote. — History  of  our  Knowledge  of  Regular  Astigmatism  539 

§  40. — Irregular  Astigmatism  ....  543 


CHAPTER  IX. 

of  Rcfeactiim  in  the  Two  Eyes. 
f  41^— OecmcMC^  FhcMsena.  ResulU  .557 

S  42>— Xrantsart  mmd  Optical  Hrifdifti    in  Dilleraioe  of  Re- 
Ml  the  Two  Eyes. 


CONTENTS. 


XV 


II.  Akomalies  of  Accommodation 
Introdaction 


669 
571 


CHAPTER  X. 

Infiueiice  of  the  Nerves  upon  Accommodation  and  upon  the  move- 
ments  of  the  Iris. 
f  4a— The  Movements  of  the  Iris  .  .  .672 

§  44. — ^The  Ciliary  System  and  its  Function  .  575 


CHAPTER  XL 

Paralysis  and  Debility  of  AcoommodatioD. 

f  45.— Mydriatics  and  their  Action  .  .  .  584 

f  46. — Morbid  Paralysis  of  Accommodation  .  591 

f  47. — Paresis    of  Accommodation   after  Diphtheria  faucium, 

Weakening  of  Accommodation         .  .  .597 


CHAPTER  XII. 

Spasm  of  Accommodation. 

§  48. — Myotics  and  Myosis  ....  610 

§  49.— Spasm  of  Accommodation. — Myosis. — Painful  Accommo- 
dation .  .  .  .622 

Index  ...  ...  628 


SIGNS  AND  ABBREVIATIONS  USED  IN  THIS  WORK. 


p,  radius. 

p^t  radios  of  the  cornea  in  the  visual  line. 

n,  coefficient  of  refraction. 

k,  nodal  point. 

h,  principal  point. 

k'  and  k^,  anterior  and  posterior  nodal  points  of  the  same  system. 

A'  and  h'f        „  ,,  principal  „  „ 

^'and/,       „  „  focal  „  „ 

ki  and  k^  two  nodal  points  of  two  different  systems. 

hi  and  h^   „    principal  „  „ 

^,  and  ^„   „    focal  „  „ 

o,  optical  centre. 

F'  and.  F^,  anterior  and  posterior  principal  focal  distances. 

Q'  and  GK,  the  principal  focal  distances  calculated  from  k  and  k". 

F,  principal  focal  distance  where  F  and  F''  are  equal. 

G,  the  same,  calculated  from  k,  where  GK  and  G"  are  equal. 
f  and/',  conjugate  focal  distances  calculated  from  h'  and  h". 
^and/',  „  „  „  Aj'andA;". 
B,  an  ohject ;  P,  its  image. 

t,  a  point  in  the  axis ;  j,  its  image. 

i',  a  point  outside  the  axis ;  /,  its  image. 

Pf  (proximum)  ahsolute  nearest  point  of  distinct  yision. 

Pi,  (       „        )  relative  „  „  '„ 

Pv{       n        )  binocular         „  „  „ 

r,  (remotissimum)  absolute  furthest  point  of  distinct  vision. 

r,,  relative  „  „  „ 

r„  binocular         „  „  „ 

P,,  Pp  and  Ps,  distances  iromp^  p^,  and^,  to  k. 

R,  Rp  and  B^,  „  r„  r,,  and  r,    „ 

F  F,  and  R'  R',        „  p,  and  from  r  to  a  lens  or  another  given  point. 

1 :  A,  absolute  range  of  accommodation. 

1 :  Ap  relative        „  „ 

1 :  A,,  binocular     „  „ 

O,  the  eye;  D  or  R,  right;  S  or  L,  left. 

G,  the  cornea. 

L,  crystalline  lens. 

ly  a  lens. 

N,  the  retina. 

y,  the  vitreous  humour. 
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D,  the  thiokness  of  a  lens. 

X,  distanoe  of  a  lens  from  a  point 

a,  angle  between  visoal  line  and  axis  of  the  cornea. 

S,  Acutenesa  of  yision. 

£,  £mmetropia. 

H,  Hjpermetropia. 

Hm,  manifest  H. 

m,  latent  H. 

Ht,  total  H. 

M,  Myopia. 

Pr,  Presbyopia. 

Ab,  Astigmatism* 

Ahy  Hypermetrojdc  astigmatism. 

Am,  Myopio  „ 

Amh  and  Ahm^  mixed     „ 

In  H,  in  the  horizontal  principal  meridian. 

In  T,  in  the  yertioal  „  „ 

Mo,  principal  meridian  of  maximum  of  oaryatnre  of  the  eye. 

Mc,       „  „  „  „  „     oomea. 

Ml,        ,,  „  „  „  „     crystalline  lens. 

A.,  Astigmatism  of  the  whole  eye. 

A«cy  99  99     comca. 

A.1,  „  „     crystalline  lenAT 

<,  less  than. 

>,  greater  than. 

%  per  cent. 

'  (after  a  nnmeral)  foot  or  feet,  as  2\  2  feet. 

'  (    „  »       )  ^^^  or  inches,  as  2^,  2  inches. 

'"(    „  ,.       )  line  or  lines,  as  2",  2  lines. 


ERRATA. 


Page   23,  line  17  from  above— Far  "  MoreoTer,"  read  ^  We  admit  that" 
„      40,   „      efrombebw— 2)cfe"to." 
„      67,    „      7  from  below— Far  « 19-875,"  reo^  "  14-858." 
„      75,   „    21  from  above — ^The  words,  *'  the  oorrectnefla,"  &o.,  and  the 

following  lines,  22  to  32,  aze  incorrect,  and  may  be 

entirely  omitted. 
„      75,    „      4frombelow— -For"  f  A' =  f^AVrearf"  f'*'  =  f'^. 
„       „     „      4frombelow— -For"/ AV'r«w^"<il'." 
„       „     3,  4,  and  5— Jbr  "  if"  read  "  y." 
„      81,  line  17  from  bebw— -For  "  measure,"  read  "  mean." 
„      83,    „    15  from  above — For  <<  adjoining,"  read  *<  nearer." 
„      91,    „      7  to  15  from  bebw,  " :  18  -  should  throughout  be  "  12." 
„     14a— JPbr  "  I  12,"  read  «  §  13." 
„     169— JPbr  "  Note  to  |  12,"  read  «  Note  to  §  13." 
„    170,  line  10  from  above— For  "should,"  read  "  would." 
„    173,    „     13  from  above — For  "can,"  read  **  cannot" 
„    173,    „    13  from  above— JPbr  "  and,"  read  '*  but" 
„     173,    „    16  fitmi  above— JPbr  "  |  13,"  read  "  |  14.  ** 
„    174,    „      8  from  below — For  "  taxation,"  rea<^«  determination.** 
„     178,    „    19  from  below— JPbr  «  f,"  rwrf  "  f." 
„     178,    „    19  from  below— For  "  f,"  read  "  f,r 
„    204— JPbr  *«  I  16,"  read  "  §  1 7." 
„    212,  line    4  from  heiiow— After  "  care,"  read  "  not" 
„    256,    „    20  from  bebw — For  "  another,"  read  "  excessive." 
„    273,    „      5  from  below — New  line  should  not  begin  until  after  "  free." 
„    358,    „      3  from  below— -For  «  Artl,"  rearf  "  Arlt" 
„    389,    „      3  from  above — "Among "should  begin  a  new  line. 
„    396,    „      7  from  below — For  "limitations,"  r«u/ "interruptions." 
„    398,    ,»    14  from  below — For  "  limitations,'*   read  "  limitations  and 

interruptions." 
„    400,    „    19  from  above — For  "  disproportionate,"  read  "  irregular." 
n    533,    „      9  from  below — "  II.  Acquired  regular  astigmatism"  should 
be  in  italics,  to  correspond  to  "  1.  Congenital  astigma- 
tism," p.  512. 


aiNEEAL   PAET. 


INTRODUCTION. 


5   1^^ — ^On   the    CONIimONS    OF     ACCTJILATB   VISION.— FUNOTION     OF 

THE  RETINA. 

Ik  order  to  see  au  object  distinctly  and  accurately,  two  conditions 
muj?t  be  fulfilled.  In  the  first  place,  an  inverted,  but  well-defined, 
image  of  the  object  must  be  fonned  on  the  surface  of  the  membrana 
Jacobi  or  layer  of  rods  and  bulbs  of  the  retina.*  In  the  second  phice, 
the  local  change  here  excited  must  be  conveyed  to  the  fibres  of  the 
optic  nerve,  communicated  to  the  brain,  and  again,  in  an  inverted 
direction,  projected  outwards. 

Through  this  double  inversion  the  projected  image  corresponds  to 
the  object,  and  we  therefore  say  that  we  see  the  object,  altlough, 
properly  sf)eakiDg,  only  the  projected  retinal  image  stands,  as  it  were, 
More  our  eyes. 

Every  disturbance  of  vision  depends  on  a  disturbance  in  one  of 
Uiae  two  conditions,  or  in  both  together*  If  tlie  projection  out- 
wtrds  be  disturbed,  by  anomali^  in  the  retina,  in  the  optic  nerve, 
or  in  the  brain,  the  affection  belongs  to  the  domain  of  amblyopia  or 
Miaurosis.  If  no  image  be  formed,  or  if  the  image  be  clouded 
through  diffusion  of  light  in  the  eye,  obscurities  in  the  way  of  the 
odiation  of  light  through  the  organ  are  the  foundation  of  the  mis- 
cUef*  Lastly,  if  the  image  of  objects  placed  at  the  ordinary  distances 
of  distinct  vision,  be  not  formed  on  the  layer  of  rods  and  bulbs,  or 
if,  through  abnormity  in  the  curving  of  the  surfaces,  no  defined 
ia  on  the  whole  produced,  anomalies  of  refraction  or  of 
odation  iu*e  developed. 

lesions  of  vision,  for  each  eye  separately,  may  therefore  all 

ned  to  iiree  principal  classes :  amblyopia,  obscurities,  ano- 

ica  of  refraction  and  of  accommodation.  If  tlie  power  of  vision  of 

*  See  aoto  to  $  1* 
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an  eye  be  impaired,  one  of  these  three  species  of  disttiTLance  ini 
necessarily  exist. 

A  glance  with  the  ophthalmoscope  iuto  such  an  eye  will  sha 
whether  obscurity  of  the  light- refracting  media  he  present  or 
If  such  be  uot  found,  we  may  infer  the  existence  of  either  amblyoj 
or  of  disturbance  of  refraction  or  of  accommodation.  If  noWj  ev 
with  the  aid  of  convex  glasses,  perfectly-defined  vision  can  at  no 
tancc  be  obtained^  the  case  is  one  of  amblvopia.  If,  on  the  co 
trary,  the  power  of  vision  be,  at  one  distance  or  other,  accurately 
defined ;  or  if,  at  leasts  by  the  employment  of  a  convex  glass,  a  per- 
fect definition  be  attainable,  we  have  to  deal  ^ith  an  anomaly  of 
refmctiori  or  accommodation,  ojiacity  and  amblyopia  are  excluded. 

The  difference  betweeu  lesiona  of  refraction  and  of  accommodat 
is  deducible  from  the  words  themselves.  The  lesions  of  refract 
are  to  be  sought  in  the  structure  of  the  eye,  in  the  condition  of  i 
without  attendant  action  of  accommodation.  The  disturbances  of 
accommodation,  on  the  other  hand,  have  their  foundation  in  abnormal 
action  of  tlie  internal  muscular  system  of  the  eye.  This  will  be  more 
fully  explained  in  Chapter  U. 


IJOTE  ON  §  I. 

At  the  termination  of  the  nerves  of  acDse,  eapecioJly  of  the  optic  and 
aooxtatic  nervea,  peripheric  apparatus  are  found,  which  are  of  great  import- 
anc«  in  the  reception  of  the  stimulus.  This,  ftnatomy  has  taught  us.  Ana- 
tomy has  shown  that  the  retina  is  not  a  aimple  ex|iausLon  of  the  optic  nervG^ 
hut  that  behind  the  fibres  of  the  latter  several  layers  are  developed.  To 
investigate  the  signiiicatioii  of  these  is  the  task  of  the  physiologist. 

In  order  to  see  and  to  distinguish  theae  layers,  it  is  merely  necessary  to 
macerate  in  a  watery  £uid^  thin  sections  of  the  fresh,  hut  slightly  driedi 
connected  membrane  a  of  the  eye. 

To  study  them  accural elyt  the  methods  propo&cd  hy  H.  Mueller  are  mode 
use  of.     Reckoning  from  without,  we  find   the  following  layers  (Fig.  1^|_ 
taken  from  the  drawing  by  Mueller  and  KoUiker,  in  Ecker's  Iconet)* 
L  The  layer  of  rods,  or  stafT-like  bodies,  and  bulbs. 
II.  The  cxttTnal  granular  layer. 

III.  The  middle  granular  layer. 

IV.  The  internal  granular  layer. 
V,  The  finely  granular  layer. 

VI.  The  layer  of  nerYe-ceUa. 
VII,  The  layer  of  the  optic-fibres. 
These  layers  are  thickest  close  to  the  optto  nerye,  where  the  figure  ii. 


STRUCTURE  OF  THE  RETINA. 


Filf.  I. 


MMIiliiiMll 


";^^-;*>»»»* 


ken,  ftod  all  become  attenuated  towarda  the  ora  serrato,  particularly  VIL 
bioli  here  terminates. 
In  the  yellow  spot  the  structure  is  peculiar*    The  nerve-cells  YI.  here 
form  a  rery  thick  layeri  not  covered  by  a  layer 
of  opdo  fibres,  but  merely  interwoven  mth 
ixnall   number  of  these  fibres  ;  the  layers 
?^  IT,,  IIL,  and  II.  are  in  thia  situation  par- 
rly  thin,  and  layer  I.  possesses  no  staff  like 
,  or  rodS}  but  consists  exclusively  of  bulbs. 
ui  proportion  as.  we  withdraw  from  the  yellow 
ipot,  the  Beyeral  bulbs  become  surrounded  by 
more  and  more  numerous  rods. 

The  central  portion  of  the  yellow  spot,  the 

hftm  oentralia,  the  most  important  part  of  the 

18  now  particularly  to  be  diatinguished : 

i  expAnaion  in  this  situation  liecomes  exceed^ 

fly  thin ;  layer  !.»  consisting  exclusively  of 

der  bulbs,  is  here  covered  only  by  aoareely 

'  perceptible  traces  of  the  other  layers. 

The  elements  of  the  several  layers  are  united 
and  enveloped  by  a  proper  connective  tissue, 
wherein,  after  the  action  of  chromic  acid,  bundles 
if  ndifttin^  fibres  (2)  are  separately  distin- 
gimli«d;  these  extend  from  (1)  the  boundaries 
between  J.  and  IL  to  an  innermost  investing 
ons  membrane  (membrana  limitans  (4), 
tato  which  they  are  divergiogly  (3)  inserted 
Liating   fibres  of  Mueller),     Omitting  the 

nective   tissue^  we   may  iu  a   physiological  point  of  view  provisionally 
i  the  layers  of  the  retina  to  three  i — 1.  the  fibrous  layer,  belonging  to 

I ;  2,  tbe  layer  of  rods  and  bulbs,  the  jierceptivo  layer  ;  3,  the 

latervening  layers,  effecting  the  connexion  between  the  two  tirst-named. 

1.  The  fibrous  layer,  distingtiiahed  above  as  YIT ; — It  ia  the  immediate 
eoDtiniiatioo  of  tlie  optic  nerve,  whose  fibres,  even  before  they  have  entered 
-tlie  eye,  lose  the  medullary  sheath,  and  in  their  membranous  expansion,  as 
hs  innermost  layer  of  the  retina,  continue  quite  unchanged.  The  fibres  of 
i  optic  nerve  themselves  are  insensible  to  tho  stimitlus  of  the  vibrations  of 
bfbL  Its  entrance  into  the  eye  may  be  demonstrated  as  the  blind  spot 
of  Mftriotte  ;  and  if  we  allow  the  little  image  of  a  distant  flame  to  move  to  and 
IfO  on  the  papilla  nervi  optiei,  it  is,  aa  we  can  observe  in  ourselves,  and  in 
i^hm  with  the  ophthalmoscope,  imperceptible ;  it  is  not  until  the  little 
iwige  puHiee  the  boundary  of  the  papilla,  where  the  other  layers  of  the 
fetbiA  Sfe  elflo  present,  that  the  feeble  glimmering  of  light  through  the 
whole  eye  givea  way  to  a  completely  circumscribed  image. 

Aa  the  membranous  expansion  is  precisely  similar  to  the  fibres  of  the 
papilla,  we  cannot  expect  to  find  iu  that  expansion  more  sensibility 
to  the  vibrations  of  light  than  exists  in  the  nerve  itself.  And  if 
that   everywhere   many   layers    of    these  transparent  fibres 


CONDITIONS  OF  ACCURATE  VISION. 


lie  OVH  one  a&oUier,  and  that  the  «ime  5bre  mns  from  the  ora  & 
to  the  papilla  of  the  optic  nerve,  it  ig  evident  that  rays,  derived 
the  same  point  of  an  object  paaai  and  neeeasarily  irritate  the  fihi 
different  layers,  aad  that  the  same  fibre  la  atrack  by  rays  derived  from 
different  points  of  an  object  Therefore,  if  the  fibres  were  sensitive  to  the 
oscillations  of  light,  the  localized  projcotion  from  the  retina,  or  viaionf  as 
aetuaUy  takes  placi%  would  be  excluded.* 

2.  The  layer  of  rods  and  bulbs,  which  is  at  least  pretty  generally  con- 
sidered as^the  perceptive  layer : — The  supposition  is,  that  the  bulbs  and  roda^ 
while  they  are  traversed  by  the  nndulations  of  light,  undergo  a  molecular 
change,  and  that  this  change,  whatever  it  may  be,  excites  a  secondary  modi- 
fication in  the  fibres,  which  were  incapable  of  direoftly  experiencing  the 
stimulus  of  the  light  itself. 

3.  The  intervening  layers  XL,  IIL,  I  V*,V., and  VI.,  formed  of  fibres, nuclear 
bodies  and  nerve-cells,  whose  mutual  connection  is  not  yet  completely  aflcer- 
tained : — It  appears  that  rods  and  bulbs  are  connected  with  the  granules, 
are  continued,  as  tliin  nerve-filaments,  into  the  intervening  granular  and 
finely-granular  layers,  enter  into  connexion  with  the  nerve-cella,  which  are 
also  mutually  ooDueoted,  and  are  finally  united  with  the  proper  nerve-fibres. 
The  meaning  of  these  several  layers  is  as  yet  quite  obaoare.  For  the  present 
we  can  only  say,  that  they  represent  the  connexion  between  the  peroeptiTe 
layer  of  bulbs  and  rods,  and  the  fibrous  layer. 

The  reasons  why  the  layer  of  rods  and  bulbs  is  considered  to  be  the  im- 
mediately perceptive  lamina,  have  teen  designedly  passed  ovtir  in  stlenee 
under  2,  in  order  to  admit  of  their  being  here  more  fully  examined. 
In  the  first  place,  the  fibrous  lamina,  as  has  been  shown,  does  not  perceive. 
One  of  the  other  layers  must  therefore  be  the  directly  perceptive  layer.  The 
nerve- cells  lie  in  the  yellow  spot,  where  |ierception  is  more  accurate^  over 
one  another  in  numerous  lamioai,  and  therefore  appear  not  to  be  adapted  to 
the  purpose.  The  same  is  true  of  the  two  granular  layers  over  the  whole 
retina.  Thus  we  come  by  exclusion  to  the  layer  of  rods  and  bulbs.  This 
view  is  further  supported  by  the  following  positive  reasons : — 

1.  Precist'ly  in  the  fovea  centnilis,  where  acute,  accurately  localized,  direct 
Tision  takes  place,  the  layer  of  bulbs  is  present  in  perfection,  and  conaiata  of 
emailer  bulbs,  from  which  more  defined  distinct  ion  is  to  be  expected.  Almott 
all  the  other  elementa  are  her©  wanting.  They  are  pushed  aside  in  ihB 
yellow  spot,  and  therefore  do  not  receive  the  light  which  excites  the  images 
in  the  fovea  centralis,  btit  effect  only  the  transition  of  the  modification  to  the 
nerve-fibres,  Consequently,  the  bulbs  here  lie  almost  naked,  and  are  imme- 
diately accessible  t>  the  light.  Even  the  adjoining  parts  of  the  yellow  spot-, 
which  by  the  accuraulation  of  the  elements,  particularly  of  the  norve-cells, 
are  placed  in  a  relatively  unfavourable  condition,  perceive  much  less  acutely 
and  accurately  than  the  fovea  centralis  itself.  That  direct  vision  actually 
takes  place  in  the  latter,  I  satisfied  myself  by  examination  with  the  op] 
moscope. 


ophtbal- 


•  Bowman,  LeeiurtM  on  the  parU  concerned  in  the  operaHom  on  the  JEye^ 
London,  1840,  p,  82, 


VIEWS  OF  PURKINJE,  MUELLEIi,  AND  BRUECKE, 


2.  Pckj^injk's  ejtpei'iinont  |jrov©»that  tlie  perceptive  layer  ia  situated  toler- 
ihlr  far  beLiiid  the  dbroQs  layer.     This  cxpeiime&t  conaihlB  in  making  the 
iiiiHib  of  tlu»  rettoa  visible  to  ourselves.  In  it,  properly  speaking,  we  pereei?a  i 
the  aiuidawft  of  theae  Yesaels.     The  characteristic  ramitioations  are  made  \ 
ifpeax,  by  moring  a  candle  to  and  fro  beside  the  ef%  opeDed  and  direo 
fanrarda  an  uniformly  dark  chamber ;  and  still  more  easily  are  they  rende 
nsible  to  any  ooe,  by  turning  the  cornea  as  much  as  possible  towards  the 
XMK^  and  moring  the  dioptric  image  of  a  dame,  formed  by  a  convex  lvu&  ot 
oo«  or  two  Parisian  inches'  focus,  to  and  fro,  or  up  and  down  on  the  exposed*! 
ttkfotia.     In  either  oaae  an  image  of  light  is  formed  on  a  ciroumacrib«4  i 
pvt  «f  the  membranes  of  the  eye,  wJtich  sends  out  light  through  the  whol«^ 
tfe,  bat  moat  necetsarily  in  the  deeper  layers  cast  shaduwa  of    he  great 

•is  of  tbe  fibrous  layer.  The  shadows  now  change  their  place  with  the  J 
acnts  of  the  image  of  light,  and  the  ohject  (in  this  cose  the  blood»J 
TMmU}^  which  produces  the  ahadowSf  can  therefore  not  be  situated  in  tht 
layer  which  perceives  the  shadows.  Erom  the  amount  of  this  di8[>lacement 
H,  MuelleT  has  inferred,  that  the  peroeptive  curtain  actually  lies  about  where 
tlie  fioriace  of  the  layer  of  bulbs  and  rodH  la  to  be  found.  (  Verh,  der  p'ywfc,- 
mtetL  Oe$elUchaff  zn  Wurzburff,  V.  p.  411.) 

3.  In  the  eye  of  the  C^phalopodes  tlic  layer  of  rods  and  bulbs  is  direote4^ 
locirmrds,  &od  immediately  receives  the  incident  light^  while  the  other  layers 
utnmted  more  poateriorly,  ore  cut  oflf  by  a  dark  Uyer  of  pigment  from  the 
aeoeaa  of  the  light 

4.  Tbe  rods  and  bulbs  are  traversed  over  their  whole  lengtli  by  the  same 
wtTetf  of  light,  and  are  therefore  in  a  position  to  be  strongly  affected  by  the 
Iftfcter.     Bnieoke  was  the  first  to  point  out  this.     Hi«  idea  of  the  layer  of 
P9da  as  a  tatoptrio  aystetn  is  so  far  perfectly  oorrectt  that  the  rays  of  light 
which  have  entered  a  rod  or  bulb,  cannot  again  leave  it.     In  the  first  place, 
the  most  of  the  raj's  coming  directly  from  without  fall  in  the  direction  of 
theae  radiatingly-placed  elements,  and  therefore  do  not  reach  to  the  lateral 
nirfaoes  of  boundary ;  but,  so  far  as  tliey  might  reach  them,  total  reflexion  j 
vafttake  place  in  oonsequence  of  the  obtuse  angle  of  inoidenco  and  the  so-i 
WMb-less  light-refracting  power  of  the  intervening  matter.     lo  com  pari  soil  | 
(0  this  quantity  of  light,  which  is  limited  to  the  same  rods,  the  quantity  of 
diftue  light  reflected  by  the  choroid  and  sclerotic  behind  the  rods,  which  ii  j 
diiperaed  through  various  rods  in  all  directions,  is  very  smalt,  and  does  not! 
iiterf€f<e  with  the  accuracy  of  perception.  In  coanexion  with  tbe  isolated  cutj* 
dilioa  of  the  bundle  of  rays  falling  upon  each  bulb  or  rod,  the  most  ptrfect 
Meommodation  is  obtained,   if  the  acctirate  image  be   formed   precisely 
m  tbt  mirfaee  of  the  layer  of  rods  and  bulbs,  coosequeutly  in  the  fovea  oen-  j 
'    * -.  exactly  at  the  surface.    If  it  fell  tirst  in  the  mi  'die  of  the  bulbs,  there 

. :  bo  at  the  surface  a  distribution  of  light  starting  from  a  point  and 
ling  over  more  than  a  bulb :  the  accommodation  would  not  be  perfect, 
ore,  too^  the  so-called  line  of  acodiDmodation,  of  which  we  shall  here- 
speftk,  cannot  depend  upon  the  length  of  the  rods,  aa  has  bceaj 
ilfed.  The  traversing  of  the  rods  in  their  whole  longitudinal  direction  by 
the  waves  of  light  must  produce  a  very  powerful  influence,  in  like  manner 
as  a  nerve  is  more  strongly  afieoted  by  a  galvanic  action^  when  the  latter 
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piiBsea  through  a  portion  in  the  longitudinal  direction  of  the  nerve,  tb 
when  it  permeates  the  nerve  cxily  in  a  transverse  course. 

6.  Many  phenomena  respeeting  ihe  limits  of  the  smallest  angles  of  ] 
ception,   and   the  change  of  form  of  fine  lines,  &c.,  thence  arising,  ogr 
only  with  the  idea    that    the    layer  of  bulhs  and  rods  is   affected 
light 

The  question  has  been  started,  whether  perhaps  the  bulbs  alone,  and  not  \ 
rods,  receive  the  impressions  of  the  light     This  suggestion  has  arisen  fr< 
the  anatomical  fact,  that  in  the  yellow  spot,  where  perception  is  most  acufc 
hnlbs  exclusively  occur,  immediately  touching  one  another,  and  that  betwe 
the  bulhs  a  progressively  greater  number  of  rods  appear,  in  proportion  as  ^ 
remove  rrt#m  the  yellow  spot*   The  latter  circumstance  seems,  indeed,  t«>  ind 
cate,  that  ihe  acuteness  of  perception  is  connected  with  the  numher  of  bulli 
and  the  same  view  is  corrobonited  by  the  great  number  of  nerve-cells  oceur 
here,  and  the  numerous  nerve-fibres  which  are  directed  towards  the  yelk 
apot,  and  have  their  peripheric  termination  in  this  locality*     But  we  are  i 
thereby  justified  in  den^-ing  the  capacity  of  the  rods  for  the  impression  i 
light.     It  is  a  fact,  that  every  rod  cannot  have  its  nerve-fibre ;  to  that  end 
(the  place  occupied  by  a  rod  and  nerve-fibre  on  section  being  assumed  to  he 
equal)  the  nerve  must  have  a  section  equal  to  the  surface  of  the  whole 
retina.     There  does   not  even  appear  to  be  a  nerve-tibre  for  each  hu 
But  thia  by  no  means  proves  that  each  rod  may  not  convey  its  action  tol 
nerve-fibre,  which  should  then  equally  receive  the  stimulus  of  several 
joining  rods,  thus  preeisely  furnishing  a  very  intelligible  reason  why  1 
ocnteneas  of  perception  of  the  retina,  should  constantly  diminish  from 
yellow  spot  to  the  ora  serrata.     The  very  recent  anritomical  investigatio 
carried  on  independently  of  one  another  by  W,  Krause*  and  Braun,t  hav^ 
revealed  morjihological  peculiarities  in  the  rods,  which  still  more  strongly 
bring  to  light  their  analogy  to  the  bulbs,  and  thus  prove  much  in  favour  of 
the  harmony,  if  not  of  the  similarity  of  their  functions. 


•  Sitzunffsherichte  tier  kaiser L  Akademie  der    Wisseiuehajten,     Wii 
1S60.     Bd.  XIJL,  p,  15. 

t   Nathrichten  von  der   G.  A,   Umver^tfat  «.  d.  kdntffl,   Gestlhchu 
JVUtensch,  £U  Giittinffen.     1861, 


CHAPTEE  h 

§  2. — Proofs  of  tee  existbkce  op  acoommodation  m  the  eyk. 

Tee  media  of  the  eye  form  a  compound  dioptric  system,  wherein 
we  can  accurately  and  easily  trace  the  course  of  the  rays  of  light  only 
bj  being  acquainted  with  its  cardinal  points.  But,  to  clear  up  a 
Dumber  of  questions^  it  is  satisfactory  to  consider  the  ^hole  system 
ms  a  sin^e  lens,  with  a  deJinite  focu;:?,  and  the  action  of  such  a  lens 
is  then  sufficient  to  give  an  idea  of  the  accommodation. 

It  is  well  known  that  when  parallel  rays  of  light  fall  upon  a 

convex  lens  (Fig.  2),  these,  at  a  certain  distance  beliiiid  the  lens,  unite 

nearly   into   a   point,    called    the  principal  focttn.      The    distance 

between  a  particular  point*  k"  of  the  lens   and  the  focus  ^"^  is 

termed  the /oca  I  distance  F,    Pitralit^l  mjsof  light  proceed  frominfi- 

Qttely  distant  objects.      From  each  point  of  an  object,  placed  at  a 

finite  distance,  proceed  rays,  which  have  a  divcrffrng  direction.  %Vhen 

such  rays  fall  on  the  lens  (Fig.  3  a  b  and  a  U ),  they  unite  hkevnse 

almost  into  a  pointy,  but  this  point  hes  further  behind  the  leDs  fhan 

Ih©  principal  focus.   Such  a  point  is  in  general  called  a  focus.t    The 

prtnapol  focus  is  the  focus  for  parallel  rays.      It  is  evident  tliat  the 

nys  may  fall  on  the  lens  in  such  a  diverging  direction  a^s  to  maintain 

1  degree  of  divergence  behind  the  lens.  This  is  the  case  when  tlie  point 

(Fig.  \  i),  whence  the  rays  i  a  and  %  a  proceed,  is  at  a  less  distance . 

from  the  lens  tlrnn  amounts  to  the  focal  distauce  F  of  the  lens.     The 

rap  then  acquire  after  refraction  through  the  lens,  as  h  c  and  If  c',] 

a  direction  as  if  they  had  come  from  a  point  more  distant  from  the 

lens,     In  the  explanation  of  ordinary  \ision  this  last  is,  however,  of 

00  importance,  inasmuch  as  objects  are  always  held  far  enough  from 

•  Thit  point  is  ealled  the  centre  of  the  lens,  and  ita  positiQH  depends  only 
OB  the  cntratures  of  the  two  fturfaeea. — S,  H. 

t  Or  focus  conjttfffUi^  to  the  point  from  which  the  rays  come.     Optical 
writerB  nte  the  word  focos^  in  general t  for  the  point  of  union  of  rays;  and 
the  focus  of  parallel  rays  is  by  them  called  the  principal  focus,     IMien  the] 
rmyt  are  not  parallel,  the  points  of  divergence,  and  of  union  of  the  rayB^  are 
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erefore  1ms  the  further  power  of  bringing  divd^nt  rajs  into 
.  on  the  retina-,     Now^,  this  power  of  bringing  at  will  rays  of 
(ii^t:reut  directions  into  union  on  the  retina  is  ihe  pamer  qf^ 

We  can  caimly  connnce  ourselves  that  the  normal  eye  ] 

a  power.     That  we  are  able  clearly  and  aocuiately  to  distinguig!!i 
nt  different  distances,  everyone  knows  by  experience.     Wo' 
oeed^  therefore,  only  assure  ourselves  that  we  catinoi  at  tke  same 
time  plainly  distingai.sh  remote  and  proximate  objects,  to  obtain  a 
proof  that  an  accoramodating  power  exists ;  in  other  word?,  that  in 
the  eye  a  change  is  produced  in  connexion  mth  the  distance  at  which 
we  can  eee  accurately.     It  is  almost  sui)erlluous  to  adduce  a  direct 
proof  in  support  of  this  statement.     Ordinary  observation  will  abun- 
dantly demonstrate  it.     It  is  well  illustrated  by  holding  a  veil  at 
Kwie  inches  from  the  eye,  and  a  book  at  a  greater  distance ;  we  can 
lliai  at  win  iee  accurately  either  the  texture  of  the  veil,  or  the  letters 
of  the  book,  but  never  both  together.     If  we  see  the  texture  of  the 
veil,   we   cannot   distinguish  the   letters  of  the  book ;  if  we  read, 
the  veil  produces  only  a  feeble,  almost  uniform  obscuration  of  the 
field  of  vision;  of  the  separate  threads  we  see  scarcely  anything. 
The  circle  of  diffusion  in  imperfect  acxsommodation  can  be  most  dis- 
tinctly seen  at  an  illuminated  ] joint,  or  at  a  darker  spot  on  a  piece  of 
ordinary  window-glass.     The  latter  is  held  close  to  one  eye  (while 
the  other  eye  is  shut),  but  so  that  the  point  can  still  be  accurately  per- 
orived^ — the  objects  situated  at  a  certain  distance  on  the  other  aide  of 
the  glass  are  then  observed  without  defined  contours.     We  can  now, 
however,  at  wdl,  immediately  see,  in  the  direction  of  the  point,  the 
objects  at  the  remote  side  of  the  glass  distinctly,  whereupon  the  point 
appears  as  a  larger,  diffused  spot.     A  change  has  consequently  taken 
place  in  the  eye.     Of  this  we  are  ourselves  distinctly  conscious. 
When  we  looked  at  distant  objects  through  the  glass,  the  eye  was 
if^jnsted  for  almost  parallel  mys ;  the  diverging  rays  proceeiling  from 
the  point  liad  therefore  their  point  of  union   behind  the  retina. 
\^en  the  point  was  accurately  seen,  the  eye  was  accommodated  to 
tlie  diverging  rays  proceeding  from  it,  and  the  almost  parallel  rays 
from  the  distant  objects,  had  already  united  in  front  of  the 
and  had  decussated  in  a  focus.     In  uniting,  whether  before 
thind  the  retina,  the  rays  proceeding  from  each  separate  point 
round  spot  on  the  retina,  instead  of  a  point.      The  sec- 
tion of  these  rays  has,  in  fact,  nearly  i\\tform  of  i/iepupilj  and,  if 
the  rays  of  the  cone  have  not  yet  been  brought  into  union,  or  if  they 
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have  already  decussated^  they  form  on  the  retina  a  Uttle  spot  of  the 
form  of  the  pupil.     All  the  little  spots,  which  represent  the  several 
points  of  tlie  object  iii  the  retinal  picture,  are  now  like  so  ma 
blotted  points  of  an  accurate  image  covering  one  another,  and  it  i 
evident,  that  the  former  mtist,   therefore,  lose   its  sharp  contoB 
and  be  diffusetl  on  the  Burface.     But  as  the  retinal,  so  is  the  pr 
jccted  picture,  and  wc  therefore  saj,  that  we  see  the  object  diffuse 
In  such  a  state   do  all  objects  appearj   for  which  the  eye  is  m 
accommodated, 

§8, ChANCIE   op   the    dioptric  system    of  the    eye    in    ACCOl 

MODATIOK. 

That  in  the  eye,  in  accommodation,  a  change  is  produced,  has  in 
the  preceding  section  been  placed  beyond  a  doubt.     The  question 
now  is,  in  what  that  change  consists  ?     Since  Kepler  lirst  attempted 
to  answer  it,  the  inquiry  has  been  the  constant  source  of  much 
difference  of  opinion  among  natural  philosophers  and  physiologists. 
All  imaginable  hypothesi^s  have  been  advanced.     Alteration  of  situa- 
tion of  ihe  lens,  elongation  of  the  axis  of  vis^ion,  contraction  of  the 
pupil,  change  of  form  of  tbe  lens,  have  all  in  turns  been  made  use  of 
in  the  explanation,  and  those  who  were  satislied  witli  none  of  the^e    i 
theories,  were  sometimes  bold  enough  altogether  to  deny  the  exis^^| 
ence   of  an   accommodating   power.     The   ophthalmoscope,  whic^^ 
enables  us  to  see,  in  the  fundus  of  the  eye,  the  diffused  images  of, 
objects  for  which  the  eye  is  not  accommodated,  effectually  sileno^H 
these  last.  ^M 

It  is  not  my  intention  to  subject  anew  to  criticism  the  long  serid^| 
of  incorrect  views  upon  tint  subject.     I  am  not  writing  a  history  of 
errors.     We  now  know  what  change  the  dioptric  system  undergoes 
in  acc^nunodation,  and  the  source  of  this  knowledge  alone  can  here 
be  sketched  in   it^    leading  features.    TAe   change  comuh  in 
alteration  of  form  of  ihe  lens;  adove  all,  il^t  anterior  surface 
«o«Mt  mme  convex  and  approaches  to  the  cornea. 

It  is  now  nearly  sixty  years  since  Thomas  Young*  had  satisfied 
himself  that  the  power  of  accommodation  depends  upon  a  change  of 
form  in  the  lens.  Nor  was  he  led  to  this  conviction  merely  by  the 
exclusion  of  other  liy|)othese8 ;  he  adduced  reasons  which,  properW 

•   Phtffntophical  Tran'iactionst  1801*  vol.  xoii.  p.  23.     Ccjnf,  MUcelhiueo 
Warku  of  the  late  Tn.  Youko,  edited  by  Okorok  Pkacock,  \^\.   I,  p.  13 
Loudon  t  18^5. 
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imderstood,  should  be  taken  as  positive  proofs.  As  an  hypothesis 
the  idea  had  already  existed ;  but  previously  to  the  time  of  YouTig  it 
ooald  be  considered  as  little  more  than  a  loors  assertion,  to  which 
no  value  was  to  be  aitached.  The  force  of  Young's  experiments  was, 
However,  not  undexstood,  and  his  doctrine  scarcely  found  a  place  in 
the  long  list  of  incorrect  opinions  and  hazardous  suggestions,  which 
were  const'mtly  anew  brought  forward*  Perhaps  the  necessary 
attention  was  not  paid  to  Young's  demonstration,  because  physiolo- 
gists, not  being  acquainted  with  any  muscular  elements  in  the  eye, 
ooold  scarcely  imagine  by  what  mechanism  the  crystalline  lens  should 
change  its  form,  and  they  were  little  incUned  to  believe  with  Young  * 
in  the  contractility  of  the  fibres  of  the  lens.  It  was  not  until  after 
Used  proofs  (within  the  R»ach  of  everyone's  observation  and  compre- 
boifkm)  of  the  change  of  form  of  the  lens  had  been  brouglit  forward 
by  others,  that  Helmholtxt  placed  the  able  investigation  of  TTionMis 
ToBD^  in  its  proper  light.  The  direct  proofs  were  given  a  few 
jeifs  ago,  and  to  our  fellow-countryman  Cramer,  J  too  early  snatched 
from  science,  belongs  the  highest  honour  in  the  matter. 

For  many  years  the  reflected  images  of  the  anterior  and  posterior 
fttr&oea  of  the  lens  were  generally  known.  Purkinje  had  discovered 
them  in  182^5,  and  Sanson  had  made  them  available  in  the  diagnosis 
of  cataract  (1837).  If  some  doubt  still  renLained  respecting  the  origin 
of  the  two  reflected  images,  observed  in  the  eye  behind  that  of  the 
coroaa,  the  doubt  was  removed  by  the  experiments  of  Meyer.  §  For 
fhi:  iiicognition  of  catanict  they  lost  their  value,  when  more  decisive 
nmis  of  attaining  it  were  discovered.  Bat  it  was  they  which  could 
pf«  an  infallible  answer  to  the  question,  whether  tlie  lens  in  the 
iMMnniodatioo  of  the  eye  undergoes  a  change,  either  in  form  or  in 
fltulion. 

Maxiniilian  Langcnbeck  ||  was  the  first  to  whom  it  occurred  to 
UlvestigBte  the  reflected  images  of  the  lens  with  reference  to  this  im- 
portont  question.  He  examineil  them,  however,  only  with  the 
naked  eye,  moreover  at  a  very  unfavourable  angle,  almost  solely 
liltt  respect  to  the  depth  of  their  situation  in  the  eye,  and  we  can, 
thcfdori'^  scarcely  assriine  that  this  investigation  was  sufficiently 

•   3ii*eeil*iHiiiU$  IVark^^  VoK  I.  pp,  1  vt  scq, 

t  AUffnuA'unf  Enrt/clop<ptJif  der  Physikf  lierauagegeben  von  0.  Karsten. 
Ecrte  LteferuQg,  B.  I.  pp.  112  t>f  siuj. 

f  ZritMehriflf.  rutitm.  Metfhm,  Bond  V,  p.  2(52.     184*1. 

^Jvnuehe  BeUrrtf/e  atut  th'tn  firhivtr.  der  Chmtrffu*  tt,   Ophthftlmoloyir, 
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decisive  to  produce  coDviction.  Nevertheless,  he  announced  tl 
most  important  fact :  njirnelj,  that  in  accommodation /or  near  ohjee\ 
the  anterior  surface  of  the  Unt  becomes  wore  convex*  This  statera€ 
lay  hidden  in  a  work^  whose  title  was  little  adapted  to  attract  th 
attention  of  physiologists.  Accidentally  the  book  fell  into  my  hand 
Struck  with  Langenbock's  fortunate  idea,  I  immediately  endeavoured 
to  satisfy  myself  of  the  correctness  of  his  assertion ;  but  owing  to 
defects  in  the  means  I  employed,  no  satisfactory  result  was  obtained. 
That  on  examination  witli  a  magnifier  the  reflected  images  should 
show  with  cerfcaiuty,  whether  in  accommodation  a  change  of  the 
crystalline  lens  arises,  I  did  not  hesitate  to  predict.*  I  soon  heard 
that  Cramer,  led  by  this  prediction,  had  taken  np  the  questiou.f  He 
comprehended  its  full  importance,  solved  it  in  the  manner  puinted 
out  by  me,  and  so  put  forward  his  result,  that  its  correctness  waa  in 
a  very  short  time  universally  admitteiL 

I  have  above  observed,  that  from  the  reflected  images  of  the  lens 
we  may  learn  both  the  curvature  and  the  siiitation  of  its  surfaces. 
Cramer  had  already  deduced  both  from  his  investigations. 

In  the  first  place,  as  relates  to  the  curvature,  we  know  that  convex 
mirrors  produce  a  dijniuislied  image  behind,  concave  mirrors  before 
the  reflecting  surface,  and  that  the  images  are  smaller  in  proportion 
as  the  radius  of  curvature  is  less.  This  is  easily  seen  by  comparing 
the  reflected  image  of  a  flame  formed  by  biconvex  spectacles  ground 
with  difi'ereut  radii.  We  see  an  erect  reflected  image  beliind  the 
anterior  surface  of  the  glass,  and  an  inverted  image  before  the  glass, 
and  both  are  smaller  in  proportion  to  the  convexity  of  the  surfaces  of 
the  glass  eraployerl.  The  posterior  erect  image  is  formed  by  reflexion 
on  the  anterior  surface  of  the  glass ;  the  anterior  inverted  image  is 
formed  by  reflexion  on  the  posterior  surface,  or,  to  speak  more 
correctly,  on  the  concave  surface  of  the  air  contiguous  with  the 
posterior  convex  surface.  Now,  the  anterior  surface  of  the  crystalline 
lens  is  a  convex  mirror  ;  the  posterior  surface,  or  rather  the  anterior 
surface  of  the  vitreous  liumour  corresponding  thereto,  represents  a 
concave  mirror.  The  reflected  images  are  feebly  illuminated,  because 
the  diflerence  in  refraction  between  the  fluids  of  the  eye  and  the 
lens  being  small,  the  reflexion  is  not  considerable.  They  are,  how. 
ever,  clearly  discernible,  when  we  hold  a  bright  flame  at  one  side  of 
the  eye,  ami  look  into  the  organ  at  the  other  side.  If  a  line,  drawn 
from  the  flame  to  the  eye,  forms  an  angle  of  about  30**  with 
the  axis  of  vision,  and  if  we  look  at  the  other  side,  likewise  at  an 

•  Nethrl  LaHc$U  2r  Ser.i  D.  V.,  pp.  135  and  147,  f  loc,  eii. 


A  repr^seuU  their  situaliori  in  tlic  eye  acconimodaled  for  distance; 
B  in  the  eye  accomnioduted  for  near  objects,  lu  botb  a  is  the 
reflected  imaj^e  of  the  conica;  if  that  of  the  anterior  surface,  and  c 
timt  of  the  posterior  surface  of  the  lens.  CrarDer  viewed  tlieni 
magnified  10  or  20  times,  lie  thus  convinced  himself  that  the  image 
6  reflected  by  the  anterior  surface  of  the  lens  is,  in  accommodation 
for  near  objects^  considerably  gnialler,  and  be  thence  rorrectly  inferred 
tltai  the  anterior  surface  of  the  lens  increases  in  convex ilyj  that  the 
ndius  of  curvature  diminislies.  Subsequently  Helmholtz,*  who,  iode- 
pcndently  of  Cramer,  hud  discovered  the  true  principle  of  accommo- 
daUun,t  has  stated  that  also  of  the  little  inverted  image  c  formed  by 
ndeiion  on  the  surface  of  the  vitreous  humour,  not  oidy  the  apparent, 
W  the  actu:il  size  diminishes  a  little  in  accommodation  for  near 
objectSj  and  that,  consequently,  the  posterior  surface  of  the  lens,  too, 
iocreafted  in  convexity,  altliougb  this  increase  is  very  slight. 

As  to  the  change  in  situation  of  the  cun  ed  surfaces  of  the  lens,  this 
cm  be  determined  from  the  aheration  of  place  of  the  reflected  images. 
If  we  compare  Fig,  5,  A  and  B,  we  shall  see  that  in  B  the  image  6 
reflectecl  by  the  anterior  surface  of  the  lens,  is  approximated  much 
more  to  the  reflected  image  of  the  cori)ea  a,  than  in  A ;  and  Cramer 
heiiee  inferred  that  the  anterior  surface  of  the  lens,  which  had 
become  more  convexj  now  comes  also  to  lie  closer  to  the  cornea. 


I 


Arch,   f.  Qphthaimoloffie,  heratisgcgclxjii  von  ArtJ,  Donders  und  voa 
cfo,  Bd.L  Abth.  2,  p.  1. 
M*maUlerichi€  der  Akademte  ctt  Berlin,  Febr.  18a3.  p.  137, 
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The  next  figure  (6)  clearly  decides  this.     A  A'  is  the  axis  of  tl 

Fig.  6. 


cornea,  with  which  we  here  assume  that  the  axis  of  the  lens 
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eoinddes.  The  lens  is  drawn  iu  a  double  form,  namely,  witli  con- 
tinuous lines  in  the  form  of  accommodation  for  distant,  and  with 
dotted  lines  in  the  fonn  of  accommodation  for  near  objects.  At  f 
i*  a  flame ;  at  o  the  eye  of  the  observer.  ITiese  two  are  so  placed 
thai  lines  proceeding  from  them  cut  each  point  of  the  axis  at  similar 
mgles.  Therefore,  the  rays  thrown  back  by  the  reflecting  surfaoea 
of  the  ob^rved  eye,  where  these  surfaces  are  cnt  by  the  axis,  reach  the 
qre  of  the  observer. 

Tlie  reflected  image  of  the  cornea  is  consequently  seen  in  the  direo* 

tioQ  0 1,  and  (disregarding  refraction  on  surfaccg  situated  in  front)  that 

ol  the  anterior  surface  of  the  lens  in  the  direction  0  %^  that  of  the 

posterior  surface  in  the  direction  0  3,   Projected  on  the  surface  1 1'^ 

they  appear  close  to  one  another  as  a^  h^  and  c  (compare  also  Fig.  5, 

A).     If  now  the  anterior  surface  of  the  lens  advances  to  tlie  dotted 

fine,  the  second  image  is  seen  in  the  ihrection  0%\  and  is  therefore 

projected  in  the  surface  1 1',  as  h'  \  it  lias  consequently  approached  the 

redex  image  a  of  the  cornea  (compare  the  preceding  Fig*  5  B) .  From 

tins  ebange  of  place,  which  is  easily  observed,  we  therefore  infer 

tliat,  in  accommodation  for  near  objects  the  anterior  surface  of  the 

lens  approaches  the  cornea.   It  is^  indeed,  true  that  we  do  not  see  the 

images^  and  h*  exactly  in  the  direction  of  the  point  where  the  axis 

cuts  the  surface  of  the  lens,  because  both  the  incitlcnt  and  the  reflected 

ray  is  refracted  by  the  cornea  in  front.     But  in  consequence  of  the 

STrnmetry  of  the  cornea,  which,  moreover,  does  not  change  its  form, 

tod  the  symmetrical  position  of  the  eye  0,  and  the  flame  f\  with 

respect  to  the  axis,  the  deviations  so  produced  are  equally  great  on 

both  sides,  and  the  above  inference,  therefore,  remains  quite  correct. 

If  we  determine  the  direction  of  the  radius  of  the  cornea  in  this  place, 

wlwre  the  ray  reflected  on  the  anterior  surface  of  the  lens  enters  and 

lemTes  the  latter,  we  can,  from  tlie  distance  between  the  images  a  and 

i  sad  a  and  l\  calculate  the  distance  from  the  anterior  surface  of  the 

fcoi  to  the  cornea. 

Cramer  did  not  observe  any  displacement  of  the  posterior  image. 
He  thence  inferred  that  the  situation  of  the  surface  did  not  alter. 
This  inference  was  hazardous,  so  long  as  it  was  not  ascertained  how 
far  the  change  of  form  of  the  lens  in  accommodation  might  have 
indaeDCC  on  the  place  where  the  image  c  was  seen.     Now,  how^ 
fioce  the  mathematical  investigation  of  Helmholtz  has  shown, 
:quence  of  an  incidental  compensation,  such  an  influence 
ill^  or  scarcely  exist,  we  are  really  justiiied  in  couclm 
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from   the  unaltered  situatioii  of   the  image  e,  that   the  poster 
surface  of  the  crystalline  lens  in  acc'ommodatioD  does  Dot  change  il 
fittiation. 

The  chjinges  in  the  dioptric  system,  observed  in  accommodation  ; 
near  objects,  therefore,  consist  in :  L  That  the  anterior  surface 
the  lens  becomeu  more  convex  and  approaches  the  cornea,  botli  tlw 
alterations  taking  place  to  a  considerable  degree ;  2,  That  the  posteri^ 
surface  of  the  lens  becomes  a  Uttle  more  convex,  but,  notwithstandin 
remains  at  a  nearly  equal  distance  from  the  cornea. — ^  Besides  tl 
changes  here  described,  none  others  occur  in  the  dioptric  system 
accommodation.     In  the  first  place.  Dr.  Knapp  has  proved  that  til 
changes  occurring  in  particular  persons  in  the  crystalline  lcn3,  ar 
in  general,  sufficient  to  account  for  their  range  of  accommodation^ 
and,  in  the  second  place,  I  have  satisfied  myself  that  where 
oryatalline  lens  is  absent,  even  in  young  i>rople,  not  the  slighte 
trace  of  aocomraodating  power  remains.    Knapp's  results  are  spoke 
of  at  the  end  of  the  first  Chapter ;  mine  shall  be  subsequently  moH 
fully  communicated. 


NOTE  TO  f  3. 

In  order  ta  observe  the  reflected  images,  Cratner  made  use  of  an  ioatnimen 
by  him  called  the  ophthalmoscope^  a  term  which  ii  now  geaemUy  and  moij 
correctly  applied  to  the  eye-speouliim^     This  instrument  I  have  so  modiEe 
that  it  can  he  used  for  meaatirencents,  and  I  have  given  to  it  in  this  form  1 
name  of  phacaidoscope,  which  word  fully  expresses  its  ohject,     Tlie  mo 
essential  elements  of  this  inatmment  are— (Fig.  7)  I.  A  horizontal  quadma^ 
divided  into  degrees  ;  2.  A  flame  /  reflected  in  the  observed  eye  0' ;  3. 
microscope  m,  thttmgh  which  the  observef  s  eye  0  sees  the  observed  eye  ( 
magnified  Crom  15  to  30  times^  and  in  which  the  slit  between  two  movah 
Tertical  surfaces  present  in  the  eye-piece»  serves  as  a  micrometer ;  4. 
•ight  r,  capable  of  being  placed  at  different  distances  from  the  eye. 
flame  impinges  unohonged  npon  0*^,  the  sight  and  the  microscope  can  tu 
horizontally  around  the  middle  point  from  which  the  qnadrant  is  descrit 
the  obaer?ed  eye  0'  is  so  placed,  that  its  crystalline  lens  cioincides  with  1 
middle  point  of  this  quadrant.     We  can  thus  alternately  fix  the   sigh 
plaoed  near  the  eye,  and  a  distant  point  situated  in  the  direction  of  1 
« fight,  after  having  first  given  a  proper  position  to  the  microscope  and  to  1 
sight.    The  flame  remains^  as  has  been  said,  in  the  direction  of  0**.     If 
microscope  be  now  placed  at  60*^  and  the  sight  close  to  30**»  we  shall  usua 
on  altering  the  accommodation,  sec  rery  distinctly  tba  displacement 


lock  5*  OT  6*  more  inwarda.  The  axis  of  visioD  lies,  \iz.f  in  genoral,  to 
tbe  oiataide  of  the  line  of  vision  (that  is  the  line  extending  from  the  yellow 
ipot  to  the  fixed  point),  and  the  line  of  vision  must  therefore  be  tnmed  in- 
vitds,  in  order  to  direct  the  axis  of  vision  to  30***  If  wo  wish  to  determin© 
tJk*  post  don  of  the  suxface  of  reflexion  of  the  lens  from  the  distanoe  between 
ibt  ivfleoted  images  a  and  b^  the  direction  of  the  axis  of  the  oomea  mitat  Jirst 
be  M»Qght  in  order  to  place  the  sight  correctly  with  respect  to  it, 

Helmbolt2  oonstracted  a  peculiar  instrument,  called  by  him  the  ophthal- . 
mnmettr,  for  lb©  purpose  of  determining  the  magnitude  of  the  reflected  imagest 
Tlii»  inatrtimtnt  ia  one  of  the  great  treasures  for  which  we  are  indebted  Uf 
|ii|^tii<l».     Kohlrausch^  and  abo  Senil',  had  already  measured  the  reflected 
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imftges,  lit  least  that  of  the  oomeo,  with  a  magnifying  glass*    But  the  o| 
thalmumeter  possesBeB  a  great  advantage  ovt;r  an  ordinary  mognitier,  inn 
much  as  the  trouble  and  inaccuracy,  which  in  the  sucoeRsive  mcaBureineii 
of  ilia  borders  of  the  image  must  neceasarily  result  from  alight  movements  { 
the  head  and  eyea,  are  avoided  in  thia  instrument      The  mode  of  measun 
ment  with  the  heliometer,  which  enables  astrooomerB  accurately  to  deter 
niiDiite  dimensions  of  tho  planets  in  constant  motion,  ijuggest^d  its  const 
tion  to  Helmholtz.     These  measurements  are  accomiilishcd  by  doubling 
images  j  the  same  is  true  of  the  ophthalmometer.     Objects  which  are  ! 
through  a  plate  of  glass,  hounded  by  perfectly  flat  and  paraUel  8urfa< 
held  obliquely  to  the  line  of  vision^  appear  to  be  in  some  measure  lateral] 
displaced,  and  thia  displaeeraent  increases  with  the  magnitude  of  the  j 
of  incidence  of  the  rays  of  lifi^ht  upon  the  plate.     On  this  simple  fojct 
peods  the  action  of  the  ophthalmomet-er. 

In  Fig.  8^  let  A  be  a  Galilean  telescope,  before  whose  object-ghiBs  two  pla 


Fig. 


parallel  glass-plates,  seen  in  profile  in  a^  £,  and  %  If^t  are  so  plaoed  obliqni 
to  its  axis,  that  the  right  half  of  the  object-glass  receives  its  light  throi 
the  plate  u^  h^^  the  left  half  through  the  plate  aj  6i,  then  the  image  c  d, 
which  the  telescope  is  directed,  appears  not  at  c  d,  but  tlirough  the  pL 
a,  b^  at  Ct  d^  and  through  the  plate  a.,  b^  at  c.*  d^.  The  two  images  stand  at 
name  time  dose  to  one  another  in  the  field  of  vision  of  the  telescope.  If  now 
the  glass-plfltes  be  turned  so  far.  that  the  extremity  c/,  of  the  first  ooincides 
with  the  extremity  e^,  of  the  second  image,  and  if  we  know  the  angle  through 
which  the  glasi^-plat^es  have  revolved,  with  their  thickness  and  the  coefficient 
of  tho  refracting  power  of  the  glass,  we  can  calculate  the  length  c  ef,  even 
without  knowing  the  diKtnnce  from  A  to  e  d.  The  ophthalmometer 
further  m  orrairj^ed  that,  on  turning  round  the  glass  plates,  both  trave: 
equal  angles,  and  it  can  be  read  with  great  accuracy  at  what  angle  they  areT 
Those  who  desire  to  learn  the  details  of  the  oonatruction  of  the  instrumenl 
should  consult  llelmholtz  {Archw  fur  Ophthalmologies  herauBgegebea 
von  Artlp  Bonders  und  von  Gracfe,  Bd.  1,  Abth.  2,  p.  1).  At  the  option 
of  the  observer,  c  d  need  not  be  calculated.  If  we  have  a  finely  divided 
measuring-rod ,  we  can  empirically  determine  by  what  number  of  degrees 
of  the  ophthalmometer  known  magnitudes  are  measured,  and  prepare  a  table 
of  the  result s.  For  reasons  elsewhere  detailed  (  Verslagen  en  Mededeelingen 
tsan  de  Kotiinktt/l'e  Akadetnie  van  Wetenschappeny  Amsterdam,  186L  D. 
XT.,  p,  169),  I  have  even  given  the  preference  to  this  method.  From  the 
degrees  on  the  ophthalmometer,  by  which  a  reflected  image  is  measured,  we 
then  immediately  find  its  mngnitude  in  the  table ;  and  it  we  know  at  tho 
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the  distance  and  magnitude  of  the  objeot,  whose  image  we  measuro 

OQrred  sorfaoe,  we  can,  hj  a  tolerably  simple  formula,  calculate  the  radius 

die  enrre.    If  we  always  use  the  same  object  (represented,  for  example^ 

bf  tbe  distance  between  two  flames),  and  if  this  is  always  at  the  same  di»- 

fitMB  the  oh«erved  eye,  we  can  in  the  tables  easily  add,  after  the  magni- 

todea  of  tlije  images,  the  corresponding  radii  of  curvature,  and  so  immediately 

read  from  eadi  obseryed  number  of  degrees  on  the  ophthalmometer  the 

radios  of  eorrature  of  the  reflecting  surface.     Such  an  arrangement  exists 

m  the  XetheTlands  Hosjjital  for  Diseases  of  the  Eye  at  Utrecht. 

The  application  of  the  ophthalmometer  to  the  measurement  of  the  clear 

icAaeted  images  of  the  cornea  is  very  easy.     We  observe  that  in  accommo- 

foT  each  distanoe  the  magnitudes  of  the  images,  and  conser^uently  the 

T«iDain  unalterably  the  same. 

Ott  tlie  aoterior  surfaoe  of  the  lens  the  image  is  too  weak  and  too  iil-de> 

to  allow  of  the  measurement  of  double  images  thereof  with  the  ophthal- 

Helmholtz  therefore  produced,  close  to  the  reflected  image  of  the 

Watt  a  ehaogeable  reflected  image  on  the  cornea,  and  made  thia  last  equal  in 

wagaitude  to  the  first,  of  which  he  could  accurately  judge  with  the  naked 

cje»    The  magnitude  of  that  of  the  cornea  can  then  in  every  case  be  oalou- 

latad  or  meaaured.    The  magnitude  is  estimated  moat  precisely  when  each 

ftAseted  image  consists  of  two  little  t-apers,  whose  mutual  distance  then 

npreaenta   the   si«e.      We  obtain  the   doubling  by  two  candles,  or  by 

ihe  reflexion  of  one  oandlc  in  a  mirror  held  under   the  observed  eye. 

The  acouracy  of  the  method,  however,  according  to  Enapp,  who  somewhat 

madified  it  (Archiv/iir  OphthalmoL,  Bd,  VI„  Abth.,  2,  p.  1),  still  left  much 

ta  be  dastrod.      For  easy  as  it  is  to  satisfy  one's  self  of  the  alteration 

m  magnitude  of  the  reflected  image  b,  it  is  difficult,  on  account  of  its  faint- 

aeaa  and  want  of  sharp  contours,  to  determine  the  abaofut^  size  of  it  with 

Uie  dttirable  accuracy.     The  little  inverted  image  of  the  posterior  surface 

»if  the  lens  is  well  defined.  In  this  instance  the  ophthalmometer  was  again 
S^licable,  and  Helmholtz  satisfied  himself  that  tiie  radius  of  curvature  in 
aeeommodation  for  near  objects  here  becomes  a  little  smaller.  More  accu* 
late  determinations,  obtained  by  a  modified  method,*  have  led  to  the  same 
fffUlt. 

Id  order  to  ascertain  the  place  of  the  anterior  surface  of  the  lens, 
flebulioltz  determined  that  of  the  margin  of  the  pupil  which  lies  against  the 
lens.  The  position  of  the  posterior  surface,  in  the  determination  of  which 
the  ophthalmometer  again  rendered  good  service,  was  deduced  in  a  rather 
eomplex  manner,  from  that  of  the  reflected  image.  These  determinations  of 
^  places  of  the  surfaces  of  refraction  might,  as  has  been  already  observed, 
ilfo  be  obtained  with  the  phacoidosoope. 

So  far  respecting  the  methods,  with  reference  to  which  Helmholtz  and 
Knapp  may  further  be  compared.  As  to  the  results  obtained,  the  necessary 
iiaiementa  will  be  made  at  the  end  of  this  Chapter, 


•  Conf,  Knapp,  /.  e,  p.  34, 
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5  4.  On  the  Mechanism  op  Accommodation, 

So  soon  as  the  changes  wMcti  the  dioptric  system  iindergoea 
accommodatioD  had  Ijecoiiie  known,  physiologists  were  in  a  positi 
to  investigate,  with  so^e  hope  of  success,  the  mechanism  wherebj 
those  changes  are  produced.  Many  modes  of  solving  this  question 
have  been  tried.  By  some,  experiment  has  been  resorted  to ;  others 
have  instituted  an  accurate  examination  of  the  anatomy  of  the  parts 
which  appear  to  be  concerned  in  the  mechanism  referred  to ;  patho- 
logy, finally,  has  been  made  use  of  in  prosecuting  the  inquiry.  But, 
notwithstanding  all  these  efforts,  it  cannot  be  said  that  any  theory 
brought  forward  has  as  yet  been  fully  proved  :  the  utmost  we  liave 
attained  to  is,  that  hy  exclusion,  the  limits  wherein  our  views  maj 
range  have  been  much  restricted. 

It  has  been  in  general  tacitly  assumed  that  the  accommodation 
for  distance,  and  even  for  the  farthest  point  of  distinct  vision,  is 
purely  passive, — that  in  it  only  relaxation  of  the  parts  which  activelj 
prod  nee  accommodation  for  near  objects  tiikes  place.  I  believe  that 
this  idea  was  in  all  respects  fully  justified.  But,  if  we  endeavour  to 
explain  the  mechanism  of  acconjmodation,  it  is,  as  a  preliminary 
question,  so  important,  tliat  it  may  well  be  specially  treated  of,  the 
more  so,  because  some  advoc4ite  an  active  accommodation  also  for 
distant  objects.  The  grounds  oo  which  it  may,  in  roy  opinion,  be 
maintained  that  accommodation  for  near  objects  only  is  active,  while 
that  for  distant  objects  is  passive,  are  the  following  : —  M 

1.  The  subjective  sensation  ; — for  myself  this  is  conclusive.  ■ 

2.  The  phenomena  produced  by  mydriatics.  If  we  drop  into 
the  eye,  a  solution  of  one  part  of  sulphate  of  atropia  in  12D  of 
water,  the  pupil,  after  ten  or  fifteen  minutes,  begins  to  dilate,  and 
aoon  afterwards  the  nearest  point  of  distinct  vision  removes 
farther  and  farther  from  the  eye.  At  the  end  of  forty  minutes 
all  action  is  destroyed,  and  the  eye  remains  accommodated  to  its 
farthest  point.  The  muscular  system  for  accommodation  is  now 
paralysed,  and  paralysis,  that  is,  the  highest  degree  of  relaxation, 
is  thus  proved  to  be  equivalent  to  accommodation  for  the  farthest 
point.  Now,  did  we  assume  the  existence  of  a  distinct  sjstem,  work- 
ing actively  in  accommodation  to  the  farthest  point,  we  ought  to 
maintain — 1st,  lliat  this  system  is  not  paralysed  by  atropia;  2nd, 
That  it  is  bj  this   agent  brouglit   into  a  condition  in  which  it 
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is  incapable  of  rekxatioD.  This  supposition  would  not  be  quite 
absurd.  Something  of  the  kind  is  s^iid  to  occur  in  the  actioa  of 
aUropia  upon  the  iris :  the  circultur  fibres  of  the  latter  are  therx4)j 
paralysed,  but  at  the  sume  time  its  radiating  (?)  fibres  are  said  to  be 
brought  into  the  condition  of  spusra^  so  that  the  pupil  becomes  much 
wider  than  in  case-s  of  paralysis  of  the  spliincter,  and  is  also  not  at 
all  or  scarcely  capable  of  further  dilatation  by  irritation  of  the  sym- 
pathetic  nerve  in  the  neck.*  But  though  the  supposition  is  not  ah- 
mird,  it  is  nevertheless  far-fetched  and  little  admis.sibb*  That  it  is 
jDCorrect  appears  further  : — 

8-  From  the  phenomena  attending  paralysi.s  of  the  oeulo-motorj 
nerve.  In  this  affection  the  power  of  accommodation  is  not  unfri 
^Miiitly  wholly  lost.  This  condition  mnj  occur  with  paralysis  of 
mmm  or  of  all  the  muscles  governed  by  the  oculo-motor  nerve ;  but 
it  may  also  exist  quite  independently.  In  it  the  refraction  corre- 
spODds  to  the  original /r^r^^'*/  pointy  as  cases  of  recovery  liave  satis- 
factorilv  proved  to  me.  llie  pupU  is  immovable  and  dilated,  although 
not  highly  so.  On  instillation  of  atropia,  the  diameter  becomes  much 
iter,  but  the  refraction  of  the  eye  remains  unaltered.  Accom- 
tion  for  the  farthest  point  corresponds,  therefore,  lo  total 
paralysis.  In  imperfect  imralysis  (paresis  of  accommodation)  the 
aesrest  point  is  always  removed  further  from  the  eye,  the  farthest 
femaining  imaitered.  Cases  of  panilysis,  where  the  farthest  point 
i^hnald  be  approximated  to  the  eye,  do  not  occur ;  they  should  neces- 
sarily occur,  did  a  muscular  system  exist,  actively  producing  accom- 
modation for  remote  objects. 

4.  The  lens,  enclosed  in  its  capsule,  has  an  important  property, 
which  must  here  be  expressly  pointed  out.  It  possesses  a  high  degree 
of  elasticity.  On  gentle  pressure  its  form  is  easily  altered,  but  it  im- 
mediately regains  its  original  form  when  the  pressure  ceases. 

Hence,  too^  it  appears,  that  only  the'  raecliamsm  of  accommodation 
for  near  objects  is  expUcable  by  mu^scuhir  action,  and  that  the  return  to 
aeoommodation  for  distant  objects  occurs  spontaneously  (with  the  co- 
opemtion  of  elastic  parts)  when  the  active  muse  Jar  operation  ceases. 
lie  elforts  of  myopic  individuals  to  see  distinctly  at  a  greater  dis- 
tance, are  confin*^^  as  we  shall  subsequently  observe,  to  diminishing 

•  See  de  RuyUsr,  De  actione  Airopm  Belladonna  in  iridem%  Trajeni  ad 
El>eaiaii«  185«i.  Kiiyper,  Ondcrtfjtkimjt^n  b^trekkeltfk  dv  kumtmatigtt  rrr- 
v^dimff  v^mn  den  aot/apiH'!,    Utrtcht,  I  MO, 
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tbe  circles  ot  Hbakm,  by  ^diuliiig  a  pait  of  the  papil :  thej  pr 
dnce  DO  true  aeoonuiiodatjoti — ^do  dnoge  of  the  diopttic  sjstem. 

Now  the  BccommodaAm  for  near  objects  rnnsl  take  place  i 
the  mten'entiou  of  Tnoaciilar  actbiL     Hie  aocomxaodatioii  is   pr 
dueed  TolantarilT,  and  we  know  no  Tohmtaij  movement  without 
iBterrentioQ  of  oontiactik— (rf  mnacolar  dementa. 

Before  physiologista  were  acquainted  with  the  changes  of 
dioptric  gystem,  they  often  attached  importance  to  the 
moscles  in  the  piodoction  of  accommodatbn.  Now  that  wc  know 
that  the^  accommodatioii  depends  on  a  change  of  fonn  in  the  lens^ 
thi«  opinion  seems  scarcely  to  need  refotation.  That  with  converg- 
ing lines  of  vision,  through  the  action  of  the  mudcuh  recti  intend, 
we  are  capable  of  producing  a  higher  degree  of  accommodation  than 
is  attainable  by  parallel  lines^  proves  only  that  the  muscular  action  of 
aooommodataon  and  the  contraction  of  the  musculi  recti  inttmi  are 
aasociatdd :  we  can  by  no  means  thence  infer  that  the  musculi 
intemi  have  a  direct  influence  upon  the  accommodation.  That  the 
do  not  possess  this,  I  learned  from  cases  where  the  musculus  recti] 
intemos  was  completely  paralysed^  and  the  accommodation  never 
leM  bad  its  normal  range.  The  same  might  already  have  been 
fened  from  the  fact,  that  when  the  near  object  fixed  upon  lies  to  the* 
side,  the  rectus  intemus  in  one  eye  is  not  active^  and,  nevertheless, 
accommodalion  for  near  objects  in  this  case  equally  takes  place. 
Many  instances  further  occur,  where  the  accommodation  is  wholly 
destroyed  by  paralysis,  without  the  external  muscles  of  the  eye  being 
in  the  least  impeded  in  their  action ;  and,  finally,  some  cas^  are  on 
record  of  paralysis  of  all,  or  of  nearly  all,  the  muscles  of  the  eye,  and 
of  deficiency  of  the  same,  without  diminution  of  the  power  of  accom- 
modation. We  hence  conclude  that  the  extenial  muscles  of  the  eye 
exercise  no  direct  influence  on  accommodation. 

The  contractile  elements,  which  produce  the  accommodation,  must 
consequently  be  situated  exclusively  in  the  eye.  Now  wc  are  ac- 
quainted, in  the  eye  of  the  mammalia,  solely  with  unstriped  muscular 
fibres  or  fibre-cellsi*.  there  are  no  striped  muscular  fibres  or 
fasciculi.  These  last,  however,  replace  the  former  in  the  eye  of 
birds,  and  therefore  we  may  attribute  to  the  unstriped  muscular  fibres 
the  same  signification  and  the  same  voluntary  action.  Indeed  it  is 
as  little  strange  that  fibre-cells  should  here  be  subject  to  the  will  as 
that  the  stri|ied  fibres  of  the  licart  should  be  withdrawn  from  it, 
Purthcrmore,  if  wd  consider  that  Cramer  saw  accommodation   for 
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'  objects  sapenrene  on  galvuuic  irritafion  of  the  eje  of  various 
Is,  deprived  of  its  extermil  uiiisclcs^  and  that  paralysis  of 
tbe  iris  a.iid  paralysis  of  accommodatiaa  almost  always  go  hand  in 
bind,  there  csm  be  no  doubt  that  ioteraal  muscular  elements, 
vndier  the  control  of  the  ciliary  nervesj  by  their  contraction  produce 
ttie  accommodation. 

Now  the  rauscubr  elements  known  to  exist  in  the  eye  of  the 
mamnialia  are  (Pig.  9)  ; — 

1.  The  muscular  tibres  of  the  iris.  The  circular  fibres  (sphincter 
papUhti  ^*^)  are  easily  seen  and  isolated,  most  easily  in  white  .Tabbits 
or  rats. 

Independent  radiating  fasciculi  of  fibres  are  less  easily  demonstrated. 
Tbe  vascular  trunks  ^^^  which  likewise  have  a  radiating  dircctiou, 
pooess  a  distinct  muscular  layer;  and  it  is  generally  difficult  to 
prove  that  the  fibrous  bundles  found  do  not  beloug  to  the  vessels. 
However,  most  anatomists  think  that  they  have  siitisLied  themselvea 
IS  to  their  presence.  In  this  I  never  completely  succeeded.  More- 
over, it  is  difficult  to  explain  dilatation  of  the  pupil  from  atropia,  in 
ttaes  of  paralysis  of  the  sphincter  piipillai  (whether  the  result  of 
dm^e  or  of  division  of  the  oculo-motor  nerve),  without  assuming 
the  escistence  of  radiating  fibres.  But  even  admitting  the  presence  of 
radiating  muscular  fibres,  I  consider  the  explanation  to  be  unsatisfac- 
tory, as  it  makes  it  necessary  to  assume  tliat  the  same  substance  which 
stimulates  thera  should  paralyse  the  circular  fibres.— I  have  shown 
with  certainty  from  experiments  on  white  rabbits,*  that  the  blood- 
teasels  of  the  iris,  on  h^ritation  of  the  sympathetic  nerve  in  the  neck, 
beoome  narrower  while  the  (mpd  dilates.  As  to  the  connexion  be- 
tweea  these  two  phenomena,  1  do  not  venture  to  give  an  opinion. 

£.  The  ciliary  muscle. 

That  the  organ  formerly  known  under  the  name  of  ciharj^  liga- 
ment is  of  a  muscular  nature,  has  been  proved,  independently  of  one 
anotlierj  by  my  esteemed  friends  Bowman  imd  Bruecke.  The  fibres 
me  in  great  part  from  the  outer  layers  ^^^  of  vitreous  fibres,  in  which 
the  mcmbrana  Desccmetii  (D)  subdivides,  while  the  innermost  layers  of 
these  fibres  spread  as  ligament  um  pectinatiim  on  tbe  iris.  The  mnsenlar 
fibres  form  fasciculi,  of  which  the  most  external,  connected  in  loug 
extended  networks,  run  backwards  parallel  to  the  np[)er  surface  of 
the  sclerotic  (S)  and  pass  into  the  several  laminiE  of  the  choroid  (C). 
Internally  ^^^  the  meshes  of  the  neta  become  gradually  shorter,  and 
♦  Co;iipiire  Kuyixir,  /.  c,  p.  19.    ♦ 
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finally^  mostly  spread  out  in  a  drcnlar  direction^  so  that  the  fasdcoli 
here  acquire  rather  a  circular  than  an  antero-posterior  direction. 


Fig.  9. 


This  innermost  portion  of  the  ciliary  muscle  is  connected  with  the 
choroidal  tissue  in  the  place  where  the  corpus  ciliare  (P)  passes  from 
without  inwards.  If  we  cut  out  a  piece  of  the  conjoined  membranes, 
and  with  a  pincers,  seize  the  whole  breadth  of  the  portion  of  the  iris 
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near  its  iosertioa  and  te^ir  it  off,  the  innermost  part  t*^>  of  the  ciliary 
muscle  remains  attached  to  the  outer  surface  of  the  ciliary  process, 
while  the  most  external  portion  ^*^  continues  hing  on  the  sclerotic 
and  connected  with  the  extreme  outer  layers  of  the  choroid^  which 
are  not  torn  off.  We  can  thus  divide  tlie  muscle  into  two  parta^  as 
is  described  in  von  Eeeken's  dissertation**  The  networks  of  the 
&9cicali  of  the  innermost  portion  possess*,  as  is  there  also  represented, 
a  more  circular  direction.  H.  Miillert  has  subsequently  dci^cribeJ 
these  05  a  separate  muscle.  He  has  the  merit  of  having  thereby 
db<ected  attention  to  this  innermost  part.  That  it  does  not,  however^ 
deserve  to  be  considered  as  a  separate  muscle,  is  clearly  shown  by 
ihe  above-described  gradual  transition  from  the  one  direction  to  the 
other. 

8.  In  other  elements  also  of  the  eye  of  the  mammalia,  contractility 
hats  been  suspected,  though  not  demonstrated*  Max.  Langenbeck 
has  assumed  the  existence  of  a  inusculos  compressor  lent  is  immedi- 
ildj  around  the  lens.  Others,  however,  have  not  succeeded  in  find- 
ing tliis.  Alter  the  action  of  acetate  of  lead  and  acetio  acid,  the 
Zonula  Zinnii  (Fig.  9,  7)  acquirer,  as  Nuhn  has  shown,  a  most  de- 
ceptive appearance,  as  if  it  posse^^sed  transversely  striped  primirive 
bundles ;  but  the  attempt  to  establish  the  existence  of  contractility, 
or  of  other  reasons  for  assuming  the  presence  of  muscular  elements  in 
that  membrane,  has  not  been  successful.  In  the  choroid,  Schweigger 
has  found  cells  presenting  quite  the  appearance  of  ganglionic  cells, 
and  it  seems  that  they  must  really  be  considered  as  such;  and 
Hcinrich  Miiller  appears  inclined  to  attribute  contractility  to  the 
choroid.     Each  of  these  views  i&,  however,  still  problematical. 

From  this  sketch  it  seems  most  probable,  that  no  contractile  ele- 
ments, except  those  of  the  iris  and  of  the  ciliary  muscle,  can  oome  into 
play  in  accommodation.  Accordingly  Cramer  thought  that  the  change 
of  form  of  the  lens  might  be  explained  by  the  action  cf  the  iris : 
simultaneous  contraction  of  the  circular  and  radiating  fibres  produc- 
ing pressure  on  the  lens,  and  thus  giving  to  the  part  of  the  crystalline 
corresponding  to  the  pupil  greater  convexity,  and  caus^ing  it  to  pro- 
trade  throiigh  the  pupil.  Pathology  has,  howevex,  shown  that  the 
iris  takes  no  thret^t  part  in  the  accommodation  of  the  leos.     It  may 


•  OiUieedkunduf  onderzaek  van  den  toentel  voor  accommodaOe  t>an  het  oog, 
Utrecht*  IB^d. 
t  Archivftir  Oj^hthalmoikgie^  B,  iv»  p.  1 . 
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be  adherent  to  the  cornea,  leaving  a  space  between  the  iris  and 
lens;  it  may  float  without  tension  in  tbc  aqueous  humour  (iridod 
nosis) ;  it  may  be  in  part  rcmovetl  by  iridectomy ;  it  m^y  even 
wholly  abi?ent,  without  the  power  of  accommodation  beifig  jrerceptil 
distorbed.  In  an  extremely  important  case,  where  the  whole  iris  wa 
removed  by  operation,  von  Graefe*  recently  instituted  an  accnrat 
investigation,  and  es^tiibhshed  the  existence  of  the  range  of  iiccomma 
dation  normally  correspond iiig  to  the  patient's  age,  while  the  chanj 
of  the  anterior  reflected  image  of  the  lens,  too,  in  accommodation 
admirably  seen.  AVe  are  therefore  justified  in  denying  to  the  iris  anj 
or  ^mqst  any,  influence  on  the  change  of  form  of  the  crystalline  leu 
in  accommoilation,  and  in  estimating  the  contraction  of  the  pupil,  in 
accommodation  for  near  objects,  as  a  simply  associated  movement. 

It  therefore  remains  only  to  attribute  to  the  mnsculus  ciliaris  the 
important  quality  of  accommodation-muscle.  Thus  far  we  have  arrived 
by  exclusion.  But  the  mechanism  whereby  the  contraction  of  this 
little  muscle  alters  the  form  of  the  lens  is — to  however  small  a  com- 
pass the  question  may  now  seern  to  be  reduced — not  yet  satisfactorily 
and  convincingly  brought  to  light.  The  accompanying  changes  of  the 
eye  have  been  studied  with  great  accuracy  :  the  advance  of  the  sur- 
face of  the  pupil  and  the  retrocession  of  the  periphery  of  the  iris,  in 
the  accommodation  for  near  objects;  the  light-jihenomcnon  (yj//t>*- 
p/iene)  at  the  termination  of  this  accommodation  (CzeriiuJi:),  etc, ;  but 
to  a  perfect  solution  we  have  not  attained.  I  shall  here  confine  myself 
to  a  short  statement  of  the  views  of  llelmholts'.j  who  numbers  the 
most  adherents^  and  of  H,  Miiller.  Helmholtz,  by  measureraeul^ 
during  life,  found  tbe  len^,  in  accommodation  for  distance,  thinnei?™ 
than  it  occurs  in  the  dead  body.  It  is  said  that  this  may  depend  on 
elongation  of  the  lens  (Fig.  9  L),  through  tension  of  the  Zonula 
Zinnii  ^^*,  which  is  stated  to  be  present  during  Ufe,  certainly  as  a 
result  of  the  pressure  of  the  vitreous  humour.  It  is  further  stated 
that  after  death,  when  the  pressure  cerises,  the  tension  may  diminish 
and  the  lens  consequently  become  thicker.  But  during  life  the  action 
of  the  ciliary  muscle  may  etfect  the  same.  It  is  evident  that  the 
uutermost  layers  of  the  ciliary  muscle,  in  contracting,  must  cause 
ithe  origin  at  the  fibrous  kyers  ^^^  of  the  mcmbrana  Descemetii  and 
the  termination  at  the  choroid  (C),  both  of  which  are  elastic,  to  ap- 
prostch  one  another.  According  to  tins,  the  iris  (I),  which  is  mediately 
connected  with  the  anterior  part  of  the  cihary  muscle,  recedes  in  ac- 
•  Archwfur  Ojfhthalmologie,  B.  rii. 
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fttion  for  ne^ir  objects;  and,  on  the  contrary,  the  place  of 
ion  in  the  choroid  will  advance  a  little  forwards.  Now  with 
the  origin  of  the  Zonula  Zinuii  is  coniiBcted;  and  as^  there- 
Tore,  the  latter  at  the  same  time  advances,  it«  tension  ceases, 
md  the  equator  of  the  leus  becomes  smaller,  the  ieus  itself  becomes 
titioker  in  the  middle,  and  its  two  surfaces  are  rendered  more  convex. 
Hdinholts  supposes  that  to  this  may  be  added  a  pressure  of  the 
iris,  which  may  make  the  equatorial  surface  of  the  leua  arched  an- 
teriorly, and  thus  increase  the  convexity  of  the  anterior  surface  and 
diminish  that  of  the  posterior. 

H-  MUller's  theory  is  based  upon  his  anatomical  investigations  of 
the  ciliary  rankle.  He  distinguishes,  as  we  have  seen,  a  circular 
muscle  capable  of  exercising  pressure  on  the  margin  of  the  lens,  and 
thuf?  of  rendering  the  lens  thicker,  while  it  wonid  at  the  same  time 
ilraw  the  periphery  of  the  iris  backwards.  Moreover,  he  attaches, 
with  Helmholtz,  importance  to  the  relaxation  of  the  Zonula  Ziniiii. 
Lastly,  he  sees  in  the  action  of  the  most  external  layers  of  the 
ciliary  muscle  a  means  of  augmenting  the  pressure  of  the  ritreous 
hamouTj  of  pushing  the  lens  forwards^  of  diminishing  the  increased 
convexity  of  the  posterior  surface,  and,  by  the  resisLince  of  the 
flmultaneous  contraction  of  the  iris,  of  increasing  that  of  the  anterior 

Against  these  two  theories  I  have  difficulties  wliich  I  shall  not 
further  develop.  It  would,  moreoverj  be  easy  to  bring  forward  other 
hypotheses,  but  from  this  too  I  shall  refrain.  I  am  afraid  of  de- 
priving this  work  of  the  character  1  desire,  above  ail,  to  sec  attached 
to  it, — the  character  of  exact  science* 
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NOTE  TO  §  4, 

One  point  I  shall  take  leave  to  remark  upon  is,  that  in  the  case  af  acquired 
aoiridesis  with  normal  range  of  accommodation^  described  by  von  Qroefe, 
in  aAoomjnodatioD  for  near  objects,  no  diaplaceraeat  of  the  then  visible  ciliary 
proodM  waa  observed ;  that,  moreover,  nothing  is  mentianGd  of  the  posai- 
lility  of  a  direct  pressure  of  the  ciliarj^  muscle  on  the  margin  of  the  lens;  and, 
liu.illy,  that  nothing  is  gaid  of  auy  diminution  of  the  circumference  of  the 
kn-,  iiUbough  the  increased  conveiit)'  of  its  anterior  surface  is  proved  from 
the  rtik'cted  images.    Oq  former  oocaaiona  I  have  also  in  vain  Luduavoured, 
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after  111116010017,  in  wBch  the  margin  of  the  lens  became  visible,  to  satbfy 
myself  of  the  diminution  of  the  circumference  of  the  lens  in  aeoommodatioQ 
for  near  objecta.  Tbus  Jar  it  bas  not  been  diiX'Ctly  observed.  It  is  evident 
that,  if  it  be  wanting,  with  the  increase  in  thickness  in  tbe  middle,  wbieh 
has  certainly  been  witnessed,  attenuation  of  the  parta  tiitiiated  near  the 
equator  must  be  oombined,  and  thus  the  curved  surfaces  would  obtain  such 
an  irregular  form,  that  it  becomea  difficult  to  explain  tbe  tolerably  accur  ~ 
power  of  viaion  in  the  casse  of  aniridesis  described  by  von  Graefe,  in  accon 
modation  also  for  near  objects.  What  we  mnat,  in  the  first  place,  therefoE! 
endeavour  to  clear  up  h  the  question,  whether  the  circumforenee  of  the  lea 
in  accommodation  for  near  objects,  becomea  perceptibly  smaller?  The 
answer  will  have  great  influence  on  our  further  considerations. 


§5.  Eangb  of  accommodation. 

In  all  the  investigations  respecting  the  cause  and  mechanism  of 
accommodation,  observers  appear  not  to  have  thought  of  defining  the 
range  of  accommodation  nnder  varions  circnmstance^j  and  of  seeking 
a  simple  nnmerical  expression  for  the  same.  And  yet  the  necessity 
for  snch  existed  almost  still  more  for  the  oculist  than  for  the 
physiologist.  If  it  be  desired  to  investigate  the  accommodation, 
whether  in  reference  to  the  changes  observed  in  the  eye,  either  at 
different  periods  of  life,  or  with  respwt  to  myopia,  hypcrmetTopia, 
asthenopia,  strabismus,  paresis,  etc.j  it  is  evidently  necessary  to  hav^i 
an  easily  comparable  standard  of  its  magnitude  or  range.  ^| 

Hatl  the  necessity  been  felt,  it  would  not  have  been  difKcult  to 
have  provided  for  it.  The  knowledge  alone  of  the  distance  11  from 
the  farthest  point  of  distinct  vision,  and  of  the  distance  P  from  tbe 
neareat,  is  sufficient.     With  the  knowledge  of  the-se  distances  the 

range  of  accommodation  r  may  be  found  by  a  very  simple  formula. 
The  formula  is  * 

1  =  1^    1 

A      P        R' 

Tlie  distances  P  and  II  may  be  calculated  from  the  nearest  point  ^ 

and  from  the  farthest  point  r  of  distinct  vision  to  a  pohit  situated 

about  3"'  behind  the  anterior  surface  of  the  cornea  in  the  eye,  called 

•  Engliuh  writers  on  optics  would  1 


1  _  1 

A~lt' 


I 


the  negative  sign  of  A  denoting  that  the  lens  i«  convex.— S.  H. 
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prior  nodal  point  k\  The  latter  coincides  in  the  eye  nearly  with 
I  nodal  point  k\  both  of  whieh  may  therefore  here  be  con- 
fliSered  as  one  point.  Tkis  point  corresponding  nearly  to  what  ia 
Icrmedi  the  optical  centre,  ha^  a  very  important  signification;  the 
i»Ts,  which  in  front  of  the  cornea  are  directed  to  the  node^  in 
Uie  Yitreous  humour  continue  parallel  to  their  primitive  direction, 
■ad  abo  nearly  exactly  directed  to  the  same  point; 
these  rays  may  therefore  be  considered  not  to  have  Fig.  10. 

been  refracted.    This  is  represented  in  the  sub- 
jouued  figtiie  10. 

Tlie  ray  T  t',  proceeding  from  the  point  i', 
OQsitinues  as  i'f,  and  since  all  the  rays,  which 
proceed  from  the  point  i',  unite  in  one  point,  this 
must  occur  where  they  meet  conjointly  the  ray 
t*j.  Now  if  the  eye  be  accommodated,  the  union 
takes  place  in  the  retina^  and  then  tlie  imnge  of 
llie  point  i"  lies  in/.  In  like  manner  the  image 
of  the  point  i  lies  in  j\  both  being  situated  in 
the  axis  A  A^.  Therefore,  J  j  is  the  image  of 
f  I'^and  it  immediately  appears  that  their  recipru- 
cd  magnitudes  are  as  their  distances  from  the 
point  k'  where  the  rays  i  /  and  tf  cross  one 
another.  If  we  express  the  distance  i  k'  by  ^', 
and  the  distance/  k*  by  y*,  the  magnitudes  of  the 
object  B  and  the  image  (i  are  to  one  another,  in 
the  accurately  accommodated  eye,  as  g  to  ^'. 

In  the  normal  eye  g'  is  about  15  millimetres. 
Tlierefore,  if  an  object  be  accurately  seen  at  15 
metres  distance,  the  retinal  image  is  1000  times 
smaller  than  the  object;  if  the  object  lies  at  L5 
metres   (=   1500  mm.)   the  retinal  image  is 

-  -  —  ==  100  times  smaller.  Hence  it  clearly  ap- 
pears, how  important  the  posterior  nodal  point 
(Knotenpunkt)  k"  is.  If  we  connect  the  correspond- 
ing jxjints  of  the  object  and  image  by  right  lines 
with  one  another,  thei?ie all^  just  as  i'j,  pass  through 
the  point  k\  and  they  are  therefore  called  lines  of  direction  ;  the  pos- 
ien4>r  fwdal  point  U  is  consequently  the  point  of  tiecussation  of  the 
times  of  direction. 
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The  rneamng  of  the  formula  for  the  range  of  iiccommodation- 

2  _  1  _  1 

A  ~  P        R 

is   easily   understood.      In  this  formula,   A  is   the   focal   leiig 
of  a  lens,  which  gives  a  dircjction  to  the  raj 
Fig.  11*  fjQuj  ijjg  nearest  point  of  distiiiet  vision/?,  as  if 

thej  came  from  the  farthest  point  r.  The  5ub-_ 
joined  figure  (11)  illustrate  this.  The  eye 
the  condition  of  rest  is  ac^omuiodated  for  the" 
distance  r  X^'  =  E;  in  the  strongest  tension  of 
accommodation  for  the  distance/?  i'  ^  P.  In 
the  former  ease  the  rays  diverging  from  r  are 
united  on  the  retina,  in  the  latter  those  diverg- 
ing from  p.  In  accommodation  the  eye  must 
therefore  be  so  altered  that  tlie  rays  proceed- 
ing from  Pf  in  the  vitreous  humour  acquire  a 
direction  equal  to  that  of  the  rays  proeeeding 
from  r  in  the  non-accommodated  eye.  This  can 
be  effected  by  placing  an  auxiliary  lens  in  ^\  and 
we  may  thus  imagine  the  eye  away,  and  suppose 
that  the  auxiliary  lens  in  /*'  is  in  the  air.  The 
lens  now  represents  the  acx^ommodation  of  the 
eye,  and  its  power  the  range  of  accommodation. 
Its  focal  distance  A  is  found  by  the  formula 
mentioned : 

L^  1  =  L 

P       K      A 

Consequently  A  is  the  focal  distance  of  the 
auxiliary  lens,  of  wliich  the  eye  avails  itself  in 
accommotlatioUj  and  as  the  power  of  a  lens  is^ 

inversely  proportional  to  its  focal  distance,  -r-  o^B 

A 

1  :  A  expresses  the  range  of  accommodation. 

It  is  convenient  to  represent  the  value  of  A  in 

Parisian  inches,  especially  as  the  focal  distance 

of  lenses  is  usually  stated  in  the  same,  and  this 

ajiplies  also  more  particuLirly  to  spectacles.* 

I  may  be  allowed  to  illustrate  the  calcula- 

tion  of  the  range  of  accommodation  by  a  couple  of  examples. 

•  In  the  boxes  of  GlaBseAi  prepared  by  Paete  and  Flolxri  of  Berlin,  foj 


ILLUSTRATIVE  EXAMPLES. 

Let  the  distance  P  of  the  nearest  point  =  4%  that  of  the  farthest 
fN^int  of  distinct  vision  fi  —  12',  then  the  range  of  accoramodutiou 
mU  be— 

1  _    1    ^  1 
4       1£        6 
If  the  farthest  point  lies  at  an  infinite  distance,  E  =   3esj  the ' 
Qfiitest  poiiit  at  5',  the  range  of  actommoilation  will  be — 

6        oo      5* 

In  the  first  case,  the  range  of  accoininodation  is  represented  by  an 
^gmdUaiy  lens  of  six,  in  the  latter  bj  one  of  five  Parisian  inches.  The 
P  imme  form  of  expression  I  now  apply  to  all  lenses.  The  power  may 
always  be  regarded  as  inversely  proportional  to  the  focal  distance  P, 
and  therefore  find  its  expression  in  1 :  F.  If  the  foetal  distance*  be 
Dc^gative,  it  becomes  —  1  :F.  Glasses  of  ii,  of— J,  &c.,  therefore  mean 
glosses  of  ten  Parisian  inches  positive,  eight  Parisian  inches  negative 
focal  distance,  &c.  We  shall  subsequently  sec  that  the  degrees  of 
aoomaUes  of  refraction  may  l>e  expressed  in  a  similar  mode,  and  that 
it  is  thereby  at  the  same  time  shown,  by  what  glasses  they  may  be 
neatralized. 

We  have  above  seen  that  the  range  of  accommodation  is  contained 
in  the  formula 

A       P       tt* 
Therefore  it  is  necessary  to  possess  a  simple  method  of  detemnning 
the  points  p  and  r  with  sufficient  accuracy  for  prjictical  puqjoaes. 
The  determination  of  r  is  accomplished  with  a  nearly  parallel  state  of 
the  lines  of  vision,  that  is,  by  fixing  with  both  eyes  an  object  at  least 
5  metres  distant.     We  know^  namelvj  that  when  the  lines  of  vision,  ■ 
converge,  accommodation  neccssjirily  takes  place,  and  that  conse- 
quently the  true  farthest  point  in  total  relaxation  of  accommodation 
cannot  thus  be  found.     As  an  object  we  may  use  groups  of  vertical  ^ 
black  lines,  each  line  2^  milHmetn?s  thick  and  10  millimetres  from  one  ' 
another,  and  examine  whether  they  can  at  the  distance  of  five  metres 
be  aecn  with  jjerfect  accuracy  with  the  naked  eye,  or  whether  the 
sharpness  of  the  object  can  be  increased  by  glasses.     If  no  improve- 

ooulista,  they  are  defined  in  Pniisian  ioohes,  wJiieh  are  k&s  than  Pariaian 
tnehefi.     In  England,  English  inches  are  employed,  on©  English  inch  being^  j 
M}ftal  to  about  0*94  Parisian  inchi  and  differing  but  little  from  the  Prussian.  | 
In  practio©  a  reduction  will  rarely  be  necessary. 
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ment  is  attainable  bj  glasses,  r  bes  at  least  5  metres  distant^  whic 
maj  here  be  equaUy  represeiited  by  an  infinit 
Fig.  12.  distance  od.    Wbere  iiearsigbtedness  exists,  con 

cave  glasses,  with  negative  focal  distance, 
required  to  obtain  perfect  accnracy:  in 
case  we  determine  what  is  tbe  weakest  gla^  < 
this  nature  with  which  the  sharpest  possibli 
vision  is  obtained.  In  the  determination  tl 
distance  of  the  fartliest  point  is  ascertained  ;  thus" 
when  parallel  rays  (Fig.  19,)^  ah  and  a  b\  derived 
from  a  distant  object,  faD  on  a  concave  lens  /, 
they  are,  after  refraction,  divergent,  SiS  c  d  and 
c  d\  and  appear  now  to  be  derived  from  the 
point  ^\  llie  distance  <^'  /  is  the  negative  fo 
distance  F  of  the  lens  L  If  we  now  designs 
tbe  distance  /  U  by  j*,  it  is  clear  lliat  the  poii 
^\  for  which  tlie  nearsighted  eye  is  accommo- 
dated with  parallel  lines  of  vision,  is  at  the  dis- 
tance F  +  a*  from  the  point  /''.  Consequently, 
E  =  F  +  i*.  Let  ns  illustrate  this  by  an  ex- 
ample. A  nearsighted  eye,  to  see  accurately  at  a 
distance,  needs  a  glass  of  15  Parisian  inches 
negative  focal  distance  (F  =  15),  placed  at  a 
quarter  of  an  inch  in  front  of  the  corneal,  that 
is,  half  an  inch  before  the  nodal  point  ic  in  the 
eye  {x  =  i),  then  E  =  F  +  j*=^15^  Parisian 
inches. 

In  place  of  the  above-mentioned  black  lines  we 
may,  in  the  determination,  make  use  of  definite 
letters  or  nmnbers,  whereby,  by  causing  them  to 
be  named,  we  may  obtain  still  more  objective  cer- 
tainty with  what  glass  they  are  accurately  seen, 
A  sharji-sighted  eye  recognises  letters  such  as  the 
sulrjoined  in  good  Light — (Fig.  13)— ^at  a 
distance  of  about  SO  feet.  In  Dr.  SneUen^s  sys- 
tem of  tast-types,  e<ich  inimher  corresponds  to 
the  number  of  feet  at  which  a  sharp-sighted  eye 
distinguishes  them,  llie  following  letters  (Fig. 
IS)  correspond,  tliereforc,  to  No,  XX.  of  Snellen. 

They  are  the  lowest  in  the  Table  appended  to  this  work,  in  which 
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fXXX,  XL,  LX,  LXXX,  C,  and  OC  occur.     For  practical 
9^  these   experimenta  with  vertical   lines   and   letters  afford 

Fig.  13, 

nale  non 
hi  dia  una 


a  suiEciently  aeciirate  result.  If  a  very  exact  dctemunation  be  re- 
qttiied^  ire  must  employ  a  little  point  of  light,  which  changes  form 
on  the  slightest  alteratiou  of  accommodation.  This  shall  be  moro 
faDj  explained  in  treating  of  astigmatism. 

Thi}  determination  of  the  nearest  point  is  effected  by  means  of  a 
optometer-  This  consists  of  a  little  frame  (Fig.  14  A),  of  the 
represented  in  the  figure,  in  which  some  fine  black  wires  are  ver- 
tically extended,  and  wherewith  a  measure,  B,  capable  of  being  rolled 

is  connected,  the  scale  commencing  at  the  frame,  and  the  bobbin  c 
applied  to  the  temple,  on  a  line  with  the  anterior  surface  of  the 
cornea.  This  bobbin  is,  by  moving  the  frame  out  from  the  eye,  un- 
wound until  the  vertical  wire^  arc  seen  with  perfect  accuracy.  It  is, 
indeed,  possible  to  determine  by  means  of  such  wires  with  sufficient 
accamcy  w  hether  they  are  exactly  seen,  as  by  a  slight  deviation  the  mar- 
gins lose  their  sharp  outlines,  and  more  of  these  lines  appear.  The 
persons  examined  for  the  most  part  state  this  very  easily.  The  reading 
of  print,  capable  of  being  distinguished  at  given  distances  in  due  ac- 
commodation and  by  a  sharp  eye,  may  be  used  to  control  the  result. 

Most  optometers  are  based  upon  the  principle  of  the  well-known 
experiment  of  Scheincr :  through  two  openings  or  sYitsi,  placed  closer 
to  one  another  than  the  diameter  of  the  pupfl,  the  object,  for 
example  a  wire,  is  seen,  and  this  appears  double  if  the  eye  is  not 
accurately  adjusted  to  this  distance.      If  we  now  cause  anv  one  to 
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look  mto  sucli  an  optometer  and  lo  tleterraitie  wlwn  lie  sees  the 


^ 


|lej  we  sliall  in  general  obtain  a  distance  to  which  the  person 
easily  accommodates  his  Yision^  but  this  distnnce  will  not  correspond 
to  either  the  nearest  or  the  farthest  point.     This  is  looked  npon  as 
iAe  mean  distance  ()f  distinct  vision,     Bnt  to  this  we  must  not  attach 
too  much  importancCj  for  such  a  mean  distance  does  not  exist,  or  at 
Icjist  it  has  a  very  wide  lange;  this  appears  when  a  number  of 
detenninations  arc  made,  for  example  with  Stampfcr's  optometer: 
the  same  person  never  obtains,  even  under  the  same  circumstancea^B 
similar  resultsj  and  where  circumstances  differ,  the  results  vary  ver^^ 
much.     Only  when  a  person  has  learned  to  control  his  power  of 
accommodation,  and  can  voluntarily  bring  it  into  the  condition  of  the 
highest  action  and  of  perfect  relaxation,  can  we  with  such  optometcra^ 
suoceasiYely  determine  his  farthest  and  his  nearest  point  of  distinc^^ 
vision.    But  such  voluntary  control  of  the  power  of  accommodation 
is  acquired   only  by  great   practice.     Ordinary  individuals  accom« 
modate  for  their  farthest  point  only  when  they  actually  look  at  a 
distant  object,  and  for  their  nearest  only  when  they  very  distinctly  see 
an  object  approacliing,  whose  diminishing  distance  they  meanwhile 
observe  and  follow  in  their  imagination.  Ihen,  by  the  effort  actually  to 


d 


I 


Whi 


the  oLject  distinctly  as  long  as  possiblcj  the  greatest  possible  tension 

the  power  of  accominodation  is  excited.  Such 

approaching  object  is  tbe  frame  above  de- 
KTibeclj  while  in  the  oplometcrj  the  distance  of 
object  not  being  known,  no  stimidus  to 

tsion  is  created. 

If  greater  accuracy  be  desired^  as  in  observa- 
ttended  for   the   solution   of   scientific 
if  it  is  advisable  to  employ  another  in- 
stnuncotj  which  shall  be  described  in  treating  of 
the  relative  range  of  accommodation. 

The  partial  dependence  of  accommodation  on 
the  convcigence  of  the  lines  of  vision  has  already 
been  alludetl  to.  In  the  determination  of  the 
ieai«»i  point  this  should  be  home  in  mind. 
Theoretically  we  shoufdj  in  order  to  be  able  to 
institute  a  comparison,  always  determine  the  near- 
eBt  point  at  the  same  angle  of  convergence,  as  the 
farthest  point  ia  examined  with  parallel  lines  of 
vision.  This  would,  however,  be  attended  with 
gre^it  practical  difficulties,  and,  as  I  shall  hereafter 
s»how,  woidd  moreover  lead  to  wholly  incorrect  re- 
sults. The  only  thing  required  in  this  respect  is, 
that  in  all  the  cases  where  the  nearest  point  lies 
farther  from  the  eye  than  8',  the  determination 
should  be  made  with  the  use  of  such  convex 
glasses,  that  the  nearest  point  should  be  brought 
io  about  S'  from  the  eye.  It  will  then  be  iieces- 
aary  to  calculate  at  what  distance  the  eye  should 
have  been  brought  into  this  state  of  accommo- 
n  without  the  use  of  the  convex  glasses, 
calculation  is  not  attended  with  any  diffi- 
culty : — ^Let  *  be  the  distance  of  the  convex 
leni  /  (Fig.  15)  from  A' :  F  the  focal  distance  of 
the  convex  leus,'P'  the  distance  from  p  to  L 
The  rays  proceeding  from  p  when  refracted 
ihroagh  the  lens  il,  assume  a  direction  as  if 
tbejrcaine  from  //.  The  eye  is  therefore  aceommodated  not  for  7?'  but 
for  p*  The  distance  P'  from  the  point  jj  to  the  lens  is  now  found 
tj  the  ample  formula  :■ — 
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1   _  1  _1 

P'  ~  F       F' 

The  distance  P  of  the  nearest  point  is  =  F  +  t. — ^An  example 

will  illustrate  this.     With  a  lens  of  12'  focal  distance  (F  =  12),  re- 

moved  \'  from  k'  {x^\)  the  point  p\  situated  1\'  from  the  lens,  is 

aocuratelj  seen.    We  therefore  find  the  distance  F  from 

"      1   _   1   ^  1 
7i       12       20 
to  be  20'  from  the  eye,  and  P  is  therefore  =  20*5  inches. 

Lastly,  I  would  here  state  a  method  of  expressing  the  ranges  of 
accommodation  by  the  lengths  of  lines,  which  exhibits  at  the  same 
time  the  commencement  and  termination  of  the  range  of  accommo- 
dation, that  is  the  nearest  and  farthest  points  of  distinct  vision. 
Above  parallel  lines,  situated  at  equal  distances  from  each  other 
(Fig.  16),  let  numbers  be  placed,  expressing  the  distances  of  distinct 
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vision,  and  in  such  an  order,  that  the  distance  between  two  lines  may 
everywhere  represent  an  equal  range  of  accommodation,  for  ex- 
ample, -- .      It  is  evident  that  in  Fig.  16  the  'differences  of  the 

distances  from  line  to  line  always  amounts  to  ^  of  the  range  of 

aooommodation :  this  is  true  from  oo  to  24,  from  24  to  12,  from  12 
io  8,  &c ;  for 
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1         1 

24 

«       24 

1 

1         1 

12 

24~24 

1 

1         1 

8" 

12  "  24* 

etc« 

A  single  horizontal  line  now  immediately  shows  the  extent  and 
nnge  of  accommodation.    In  Fig.  16  three  such  lines  occur.^ 

I.  represents  a  person  whose  farthest  point  of  distinct  vision  lies 
at  an  infinite  distance^  his  nearest  point  at  4'.  His  range  of  accom-* 
modationis 

4        0°       4 
and  is  expressed  by  six  Knes  distance,  each  of  rj  of  this  range  of 

accommodation,  consequently  ^-j  =  ^• 

U.  has  likewise  his  farthest  point  at  an  infinite  distance,  his  nearest 
at  6  inches.     His  range  of  accommodation  is 

m.  has  his  farthest  point  at  6  inches  (he  is  therefore  near-sighted) 
his  uearest  at  3  inches.     His  range  of  accommodation  is 

1  _  1  _1. 
3       6  ""6* 
corresponding  to  four  lines  distance 

_-4  _  1. 
"24  ""  6 
It  need  not  be  demonstrated  how  easily  observations  may  in 
this  manner  be  registered.     We  shall  hereafter  have  much  occasion 
to  employ  this  method  •'n  exhibiting  in  print  the  several  anomalies  of 
re&action  and  accommodation. 


ZB  DIOPTRICS  OF  THE  EYE. 

NOTE  TO  THE  FIKST  CHAPTER. 
FIRST  PART. 

Diorrsics  ov  the  Ete. 

I.  Literature. 

In  order  to  give  an  idea  of  the  necessity  of  accommodation,  the  eye 
lias  liifterto  been  regarded  as  a  simple  lens,  with  a  posidve  focna.  TMb 
has  been,  so  far,  sufficient  for  onr  purpose.  But  if  we  wish  to  go  more 
deeply  into  many  questions  relating  to  the  refraction  and  accommodation  of 
the  eye,  we  shall  require  more  accurate  knowledge  of  the  dioptric  system  of 
the  organ.  This  knowledge  is  a  necessity,  to  enable  us  to  form  an  idea 
what  range  of  accommodation  is  obtained  by  definite  changes  of  the  crystal- 
line lens,  and  how  ^ch  range  of  accommodation  may  be  expressed  by  an 
imaginary  lens,  applied  to  the  eye.  It  wiU  hereafter  be  serviceable  to  us  in 
the  light  understanding  of  many  other  questioDs. 

I  shall  therefore  endeavour,  in  a  simple  manner,  to  give  a  satisfactory 
description  of  the  dioptric  system  of  the  eye.  Those  who  are  not  deterred 
by  the^higher  mathematics,  may  consult  Moser  (Dove*s  liepert<nium  der 
Phynk)^  who  has  applied  to  the  eye  the  theoretical  investigations  of  Bessel 
{Astronomische  Xachrichten^  xviii.,  No.  415),  and  Listing,  who,  in  his 
Dioptnk  des  Auges  (Wagner's  Handwbrterhuch  der  Physiologie^  Bd.  IV., 
p.  451)  has  followed  the  mode  adopted  by  Gauss  {DioptrUche  Untersuchun- 
gen,  GottiDgen,  1841);  lastly,  Helmholtz,  who  in  his  Physiologische  Optik. 
(Karsten's  AUgemetne  Encyhp^ie  der  Phynk,  1***  Lief.  Leipzig,  1858), 
has,  together  with  thorough  explanation,  made  the  whole  theory  more 
generally  accessible. 

II.  Pvfracting  surfaces  in  the  Eye, 

In  the  eye  three  refracting  surfaces  artr  to  be  distinguished,  whose  curva- 
tures may  be  assumed  to  be  spherical. 

1.  The  anterior  surface  of  the  cornea,  approaching  to  an  ellipsoid,  with 
the  apex  in  the  middle  of  the  oomea.  The  radius  at  the  apex,  which  defines 
the  focal  distance,  amounts  on  an  average  to  something  less  than  8  milli- 
metres. The  slight  thickness  of  the  cornea,  and  the  almost  perfect  paral- 
lelism of  the  outer  ard  inner  surfaces,  together  with  the  slight  difiTerenoe  in 
refracting  power  of  the  oomea  and  aqueous  humour,  justify  us  in  con- 
aidering  the  system  as  if  the  aqueous  humour  extended  to  the  anterior 
surface  of  the  cornea.  For  the  cornea  and  aqueous  humour  we  have  there- 
fore to  assume  only  one  refractiug  surface  of  nearly  8  millimetres  radius 
of  ourvatoie,  and  with  a  lefraoting  proportion  of  1*3366,  found  by  Sir  David 
r  te  ^  aqneou  kumoor. 

■^Oe  ltM»  3-6  millimetres  from  the  anterior  sur- 

<  abbot  10  millimetres.    In  acoommoda- 

I  to  abont  3-2  millimetres  from 
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the  Anterior  stirfttoe  of  the  cornea,  iind  diciiQishes  in  rodius  to  abotit  (i 

3,  Tht!  ^mnteritir  iitr/ftrt  of  tlu^  lernt  (or  tlie  anterior  surface  of  the  vitreoaa 
bfunour),  "'2  millimi^trea  from  the  aaierior  surface  of  the  cornea,  and  with  a 
ndmof  6  millimetres  during  acoommodation  for  distance,  of  5-5  millimetres 
%^fin  looking  at  near  objects. 

The  lens  15,  however,  no  homogeneous  mass,  bat  conaiats  of  layers  of 
nefra^tive  power,  increaRing  towards  the  centre.  In  the  lens  iteelf,  there- 
fof«,  innumerable  refractions  take  place  from  layer  to  layer,  which  can  not, 
nrrertheless,  be  separately  traced.  Consequently,  we  cannot  regard  the  lens 
(iitherwise  than  as  formed  of  a  homogeueous  substance^  and  the  question  then 
ti«  what  index  of  refraction  we  ought  to  ascribe  to  this  substance.  For 
t  bog  time  physiologists  assumed  an  index,  the  mean  of  that  of  the 
Diideus  and  that  of  the  periphery,  notwithstanding  that  Young  {Oti  thtf 
Mtckanum  of  the  Eye^  in  the  Phikmophical  TrartHUctions  for  1801,  vol. 
Sm,,  and  in  the  Jlincflh mints  Works  of  the  hte  Thoman  Young ^ 
iditcd  hj  G.  Peacock ;  London,  1855,  voh  i*,  pp.  28  and  29)  had  already 
tfcown  that,  in  consequence  of  the  laminated  structure  of  the  lens,  with 
te&a^tive  power  increasing  towards  the  centre,  an  index  must  be  adopted, 
pciter  eveii  than  tliat  of  the  nucleus.  Subsequently,  the  same  was  observed 
\(f  ScEoff  {see  Tolkmann*8  article  Sehen  in  Wagner's  IlnnJtrdrterbuch  fiir 
Phfoohiti^^  Bd,  III.,  Abth,  l),to  whom  the  honour  of  having  first  made  the 
obecsration  is  in  general  incorrectly  ascribed.  The  subject  is  one  of  im^ 
portmce ;  for  it  is  only  by  taking  this  higher  index  of  refraction  into  account 
tbat  we  get  rid  of  the  paradoxical  result,  that  in  a  weU-foriued  eye  parallel 
incident  rays  should  be  brought  to  a  focus  behind  the  retina.  The  co- 
iiMoieat  of  refraction  is  now  £xed  by  Listing  at  1'455. 

A»  ft  ciinclusion  from  these  considerations,  we  may  repeat,  that  in  the 
dioptriu  system  of  the  eye  three  refracting  surfaoea  ai^  to  be  distinguished. 

1,  The  anterior  surface  of  the  cornea. 

2.  The  anterior  surface  of  the  lens. 

r3.  Tlie  anterior  surface  of  the  yitreous  humour. 
I  Hie  index  of  refraction  of  the  vitreous  humour  difiera  so  little  from  that 
'if  the  aqueous  humour  that  we  mry  consider  it  as  equal  to  it, 
m  t 
poia 


IIL 


Cardinal  Points, —  Their  Object. 

In  a  compound  dioptric  system  wc  can  successively  follow  the  refraction 
ia  the  diffi?rent  surfaces,  each  time  determining  from  or  towards  what 
poial  originally  parallel  rays  converge.  Thus  wo  find,  lastly,  the  situation 
of  the  fbcjal  point  after  the  last  refraction.  But  in  order  also  to  determine 
tJj«  point  of  union  of  rays  falling  upon  the  first  surface  under  diiierent 
degrew  of  oonvergence  or  divergence,  and  to  find  the  magnitude  of  the 
dioptric  images,  a  separate  calculation  would  be  nGccbisary  for  each  case. 

For  this  purpose  a  particular  method  has  been  adopted.  Optical  mathe- 
maticians seek,  namely,  fur  a  given  system  of  rcfractiDg  surfaces,  certain 
Hxed  points,  chilled  cardinal  points  ;  and  the  knowledge  of  these  is  sufficient 
to  enable  un  to  construct  and  calculate  the  situation  and  size  of  the  images  of 
giwn  objeeii.    The  conditions  are : — lat,  that  the  system  bo  centred,  that  isi 


40 


DIOPTRICS  OF  THE  EYE- 


that  the  eenties  of  eanratare  of  all  the  refracting  sarfaees  He  la  i.  i 
line,  the  axis  of  the  system :  2ndlv,  that  the  rays  i^wr^ct  the  axis  at  t 
small  angles.  The  first  etrnditian  appears  to  he  amply  fal£lk^  bj 
stmctore  of  the  eye,  as  the  seecmd  is  by  direct  rision^^  that  is  by  lo 
nearly  in  the  direction  of  the  line  of  Tision. 

The  situation  and  signification  of  the  cardinal  points  are  best  i 
by  studying  them : — A  in  the  case  of  only  a  single  refraetizi§  sarfieei  SI 
a  bioonyex  lens,  with  two  refracting  surfaces ;  C  for  a  {^ombioatjim  of  i 
two  into  a  compound  system,  such  as  the  eye  is. 


fig.  1' 


xS 


I 


A. — Refbjlctiox  by  a  SrexEicA^  Sitb^ac 
IV.—Carrfwwf  Fmmi*. 

In  Fig.  17,  let  ib  be  the  central  poftnt  of  '■ 
s{^rical  sur&ee  A,  on  which,  parallel  to  the  axis 
A  A\  rays  of  light  fall,  a  h  and  a'  V^  ooming 
from  the  medium  with  index  »',  and  passing  into 
the  medium  with  index  n".  If  n''  ia  >  n\  the 
parallel  rays  unite  in  the  axis  nearly  in  a  point, 
the  posterior  focal  point  ^'.  The  diitanoe  A  ^^ 
:=  J*',  that  is,  the  posterior  focal  distance  is  found 

by  the  known    formula  F**  «     — ^^- ....  1  a, 

II    ^^  n 

wherein  p  the  radius  of  the  surface  of  curvature 
is  =  A  A. 

If  on  the  same  rcfrmcting  surface,  but  in  the 
direction  from  A*  to  Ay  rays  fall,  which  in  the 
medium  with  index  n"  run  parallel  to  the  axis 
(they  are  in  the  figure  represented  by  dots),  these 
also  unite  nearly  in  a  point  in  the  axis,  the  an- 
terior focal  point  ^\  The  distance  A  f ' »  J^, 
called  the  anterior  focal  distance,  is  found  by  the 
formula, 

i^=     "'  ^    1&. 

»'   —  li 

The  formulas  1  a  and  1  6  obtain  only  for  zays 
which  run  close  to  the  axis.  As  such  they  are  de- 
dueible  in  a  simple  mode. 

In  Fig.  18,  ah  is  the  incident  ray;  &  the  point 
of  incidence ; 

A  &  r  the  normal  on  the  spherical  surface  at  the 
point  of  incidence ; 

h^"  the  refracted  ray,  bent  towards  to  the  nor- 
mal &A; 

«Ar  is  the  angle  of  iaoideneo,  «  =  A  A  A,  and 
a. 

>-id  if  «a  dimw  4  h  pmUel  to  A  ^%  we 
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.  —  ..  ^^  ..,v  angle  of  deTUitioni  y  «  a  _  /3, 
TbD  n^Ution  of  each  of  the  fuoal  distaaotfa 
I  kf"  *  >*'  and  A  ^'  =  ^,  to  the  xudius  hk  ^  p 
k  now  to  be  found. 

rajill  Begmc^nta  h  k  d  and  h  f"  h  may  be 
i  aa  rectilineal  triongleB.  They  are 
cose  unifunn  and  reotangular  in  h, 

/:  :=  arc  A  (/ :  arc  A  6. 

Fur  small  arcs  we  maj  sitbatittttd  the  aines^ 
ud  thiu  alter  the  above  foRnoIa  into 
P  :  p  SI  sm  a:  mn  <t  —  tin  fi, 
"^      tlie  law  of  refraction  is,  aa  experienoe 
,  the  following : — 

n'  mn  *  —  w"  atn  ^. 
i   us^qtiently,  il  we  Bubatitute  the  value  of 
■M  ft  in  oar  proportion, 

up' :  p  «-  »"  :  H''  —  n' 


Fig.  18. 


The  T6latioii  of  jP  to  F*  is,  moreover,  eaaily 

foand.     The  ray  of  b,  running  parallel  to  the 

axis  in  n/  b  bent  from  the  normal  b  t%  and 

proceedfi    ^ls    h  ^K      By  thia    deflection   the 

tfigle  of  refraction  v  b  ^'-={3^  becomes  greater 

than  the  angle  of  incidence  a'  =  A.      How- 

erer,  the  law  of  refraction  must  here  also 
find  ita  application,  and  thus  the  propor- 
tions  remain  the  samet  as  immediately  ap- 
pears by  considering  p'  b  as  the  incident,  and 
I  rf'  as  the  refracted  ray.  There  is  a  general 
law,  of  which  we  shall  hereafter  often  make 
nae;  H  ie  tliis:  if  a  ray,  proceeding  from  a 
poiiit,  poaeee    throi^h   an  optical  system,  in 

order  to  come  to  a  second  point,  a  ray  from  thia  second  point  will,  riVe  versd, 
be  able  to  reach  the  iirst  point,  only  by  following  precisely  the  same  route 
in  an  opposite  direction.  As  tlie  angles  of  deviation  are  proportional  *  to  the 
angles  of  refraction,  we  here  obtain 

b^'  hibp*"  h^t^baif"  bk, 
that  is,  for  small  angles. 

Now  as  ri  F'^  y  :  /, 
we  have  F'  =  F*  ^ I  e- 


JI«OMiae  thvjr  luw  very  eiottU,  uid  Ui«refora  pioportioaol  to  their  unes. 
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therefore,  __      pn' 

Moreover,  jr,^      ™ n"  —  «'  .^  ^ 

fi  —  ft 

l^  =  J»  +  p Id. 

If  we  regard  n'  as  unity,  we  obtain  W^  the  symbol  of  the  relatlTe  index  of 
refraction  with  respect  to  the  air,  and  we  obtaiA 

r 


n"  —  l 

^         »"  — 1 
Thns  we  recc^niseybifr  cardinal  point*  in  the  axis: — 
^',  the  anterior  fooos. 

A,  the  point  of  section  of  the  spherical  sorfisee  with  the  axis. 
A,  the  centre  of  carratnre. 
f ",  the  posterior  focus. 

From  the  distances  between  these  points  flow  the  following  yalues  :-^ 
A  pi",  the  anterior  focal  distanoe  JP. 
A  pT,  the  posterior  focal  distance  I^, 
We  further  distinguish — 

L'  p'tisCr^kp"  as  G", 
then:  (?'= /*  +  p  =  jP'....  2  6 

^  =  JP'  — p=: /*.... 2fl 

C?'  =(?-+p 2d 

G'       r        n'  ^ 


T. — CkmJHpat^  jfix^  and  relatiom  hfhtfen   muijmitmde  B  of  ike  ^hjeet,  and 
^  ma^nUmde  fioftJkfi 


Having  ascertained  these  raloes,  w»  can,  by  a  simple  eoBStroeCioii,  find 
both  the  conjugate  ./tW  and  the  relatioii  between  the  magutade  of  the  dgeei 
and  that  of  the  image  B  :  yi. 

Let  r  vFig.  19'  be  a  giren  point  of  light :  if  we  wish  to  find  its  image : 

From  r  proceeds:  I.  The  ray  i^  A/,  which  being  directed  te  A 
eoinctdes  with  the  nonnal  of  the  re£raeiing  surfaee,  and  pasMs  tkroogh 
uniefracted ;  2.  the  ray  T  A,  which,  as  being  parallel  to  the  axis,  after 
icfraedon  passes  through  p\  AS  the  rays  procccduog  from  T  vuie  in  one 
|MM&t.  Coosequendy.  where  two  rays,  proceeding  from  T,  cut  one  asotbcr,  is 
its  coxgufate  fMua.  This  point  is/,  and  /  b  titeiefoce  the  image  of  the 
point  of  li^t  r. 

The  poiuts  of  an  object*  which  lie  in  a  line  |i»peBdicular  to  &e  axis,  are 
also  in  the  image  situated  in  a  liBepcfpcsdmlar  to  ^axis^  CoBseqoeDtly, 
tike  ixage  of  ^e  point  of  light  •  is  in>  TW  objoct  t  T  =  ^  wiH  tboeioee 
have  an  ima^e  A  ^e  ■og,witwii  of  which  is j /. 

IlisofiMiwtimwmpwiiiAiiliiOIHHiAiiiB  Frem  the  loint  oflxght 
^Ci^ll^  — ^twll^|^^  tho  diHrtisM  of  which  we  h»wr; 


CONJUGATE  FOCI. 


43 


of  t'.  To  find  this,  we  draw  tbe  perpendicular  sd  B,t  a  point  of  the  axis 
arintrarilj  taken,  provided  only  that  the  perpendicular  cut  the  two  rays  ff 
and  hf.    We  thus  obtain  two  pairs  of  ^ 

nmilar  triangles,  ^''h  b  and  ^"  s  c,  and  p|     ^g 

jk  tV  and  k  s  d:  moreoyer,  A  6  is  =  1 1'. 
Ihe  said  triangles  give  us  now  the  sub- 
joined proportions : — 

f'  hihh=::^"  8  :  8c  and 

kilhhzzzlt  B  I  8  df 

eooiequently, 

hhy^^"  8       .      ,       hhxh8 
te=  _^and*J=        ^.- 

we  see  that  8  c  will  be  =  « </,  if 
^"  8  _  kj 

^ni  —  AT/  • 

This  is  evidently  the  case,  if  Uie  point 
lis  removed  towards  y.    The  situation 
of  the  pointy  is  therefore  determined  by 
^"i  :  0"  A  —  Ay :  /;  t. 

Oa  the  perpendicular  from  j,  we  have 
9cz=:8d,  and  here,  therefore,  the  ray 
passing  through  k  crosses  that  passing 
through  f".  This  is  the  case  for  every 
Talae  of  A  &  or  t  T,  which  term  does  not 
oocur  in  the  proportion.  Every  point  of 
the  perpendicular  jf,  therefore,  has  its 
image  on  the  perpendicular  1 1'.  Q.  E.  D. 

In  the  above  fi^^ure,  * 

A  ^'^  -  J*'  «  (?' 

/;  ^"  -  cr  ^  r. 

li  we  now  call  the  conjugate  focal  dis- 
tances, measured  from  h,  hi=J*  and 
hj-=,f'^  and,  measured  from  k,k%'=ig' 
and  kj-=z  ^\  we  obtain,  in  place  of, 

i>"J 'p'  h  ^  kjiki,  ,,,,A 
the  proportion 

and  hence  directly 

y       ^  _  G"         ^ 
«T.        / ff" -  ^  o"  =cr  ff' 

^f-O'f-grO" 
In  place  of  the  proportion  A  we  may  equally  write 
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Henoe  follows, 

fif  —  F^^f'F'    /-(f  —  JF")  =/*^ 
/  -  p^p,  ....  3  c)  r  «^  3rf.) 

In  the  same  figaze  we  find  still  two  pairs  of  similar  trianglfia, 

and  hh  ^''  and  i^'  jj^ 

Fig.  20.  Hence  we  hare  two  proportions,  expressing  the  xel** 

tion  between  the   magnitodes  of   object  and   image, 
namely, 

JjiiC  ^  kjiki  orfizB  -^  :/....  (4  a 
and 

/y:tr»  ^yzf^hoTpiB^f  —  F'zF'....  (46. 
The  first  is  applied  above,  in  Figure  Id.  Of  the  second 
,  we  shall  hereafter  make  moeh  ose. 


v^  ! 


fS- 


VI. — Application  to  the  Eye. 

All  that  has  been  brought  forward  is  applicable  to  thd 
refraction  of  the  rajs  through  the  ccvnea.  If,  there- 
fore, the  crystalline  lens  be  absent  (i^hakia),  no  other 
formulas  than  those  above  given  need  be  used. 

The  principal  point  lies  on  the  anterior  surface  of  the  cor- 
nea, the  nodal  point  8  mm.  behind  its  apex.  The  radius 
of  the  cornea  being  8  mm.  (compare  1  a  and  1  h)  we  find 

8  X  1*3366         10-6928 
i=^  «  -T^t^  =  -n^f.  =  31-692  millimetres. 


1-3366—1   '^     0-3366 

p         8 8 

l-33iB6  — 1 


1=  23-692  millimdtiea. 

0-3366  aixuuucw^ai. 

Herewith  are  also  given  G  z^F"  and  G^  ^=  P  ((Com- 
pare 2  a  and  2  d). 

The  above  Figure  (20)  shows  the  situation  of  the 
cardinal  points  in  such  an  eye. 

In  the  normal  eye,  refraction  through  a  biconvex  lens 
is  combined  herewith.  We  shall  now  investigate  the 
^w^inal  points  of  such  a  lens. 


B. — ^ReF&ACTION'   TUKOrCH  A  BICOXVEX  LENS. 


Yll. —  WUk  tke  exception  of  the  tuns-ray^  ali  rays  are 
refracted  im  a  lens. 

Itki 


how,  by  the  determination 
tfM  position,  as  well  as  the 
Igr  a  ifaigle  refracting  sorftee, 
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maj  be  eonstnieted  and  calculated.  The  qxiestion  k,  whether  we  can  also, 
for  a  system  ocmpoaed  of  yarioos  refracting  sorfaoes,  find  such  points, 
and  whether  we  can  likewise  make  nse  of  the  same  in  the  determination  of 
the  size  and  position  of  the  dioptric  images. 

In  the  eye  there  is  a  bioonyex  lens,  which,  just  as  every  lens,  has  two 
refracting  surfaces.  We  shall  therefore  examine  the  question  specially 
with  respect  to  a  bioonyex  lens. 

Does  a  lens  possess  a  nodal  point  in  this  sense,  that  all  rays  directed 
thereto  pass  through  unrefracted  ? 

A  lens  possesses  such  a  point  only  when  the  nodal  points  (the  oen* 
tral  points  of  curvature)  of  both  surfaces  coincide.  This  takes  place 
only  in  a  lens  having  the  form  of  Fig.  21 ;  the  two  surfaces  of  curvature 
are  at  h^  and  h^  described  for  this  lens  from  the  point  k,  and  every  ray 
directed  to  this  point,  as  a  &  and  of  I/,  therefore  coincides  on  both  the  anterior 
and  the  posterior  surface  with  the  radius.  Such  a  lens  is  not  biconvex, 
but  convex-concave,*  and  with  a  negative  focal  distance. 

In  every  other  form  of  lens  every  ray  is  refracted,  except  that  which 
coincides  with  the  axis.  This  is  easily  demonstrated.  In  Fig.  22  k^  is  the 
centre  of  curvature  of  the  anterior  surface  A„  and  k^  that  of  the  pos- 
terior surface  h^  Now  if  the  ray  a  &  be  directed  to  A^p  it  is  not  refracted 
on  the  BurfiEU^e  h^ ;  but  arrived  at  c,  it  is  bent  from  the  normal  c  r,  and 
proceeds  in  the  direction  e  d.  The  same  is  true  of  the  ray  a'  I/,  which, 
directed  to  k^Bt  b'  passes  through  unrefracted,  but  at  c'  is  bent  from 
the  normal  c'  r',  and  proceeds  as  c'  d'.  Every  ray,  therefore,  which  is  not 
refrtusted  at  the  one  surface,  deviates  at  least  at  the  other  from  its  direction ; 
and  all  rays  which,  while  they  are  in  the  lens,  are  not  directed  to  ^i  or  k^ 
are  refracted  at  both  surfaces. 

In  a  lens,  therefore,  no  nodal  point  exists,  to  be  classed  with  the  nodal 
point  of  a  simple  refracting  surface,  of  such  a  nature  that  all  rays  directed 
thereto  should  pass  through  unrefructed. 

VIII.  Every  lens  has  two  nodal  potntsy  k'  and  ^•^,  to  be  found  both  by 
construction  and  by  calculation. 

For  every  lens  two  points  may  be  determined,  k"  and  k^,  which  stand  to 
each  other  in  such  a  relation,  that  every  ray  directed  before  the  first  refrac- 
tion to  kf,  appears  after  the  second  refraction  to  proceed  from  kf*,  being  at 
the  same  time  parallel  to  its  primitive  direction. 

These  points  are  the  nodal  points  of  the  lens,  the  first  k'  and  the  second 
kf  (Fig.  23).  The  ray  a  b,  before  the  first  refraction  directed  to  k%  appears 
after  the  second  refraction  to  proceed  Ascd  from  kf,  while  cdis  also  parallel 
to  a  b. 

The  points  kf  and  kT  are  easily  found  for  every  lens,  both  by  construction 
and  by  calculation. 

Let  kj  (Fig.  24)  be  the  centre  of  curvature  of  the  surface  Aj,  k^  of 


*  English  writers    would   say   concavo-convex,  with  a  positive  focal 
length.— S.  H. 


46 


DIOPTRICS  OF  THE  EYE. 


the  snrfaoe  k^  Let  an  aibitmy  normal  k^  r,  now  be  drawn  on  the  snr- 
face  K^  and  parallel  thereto  the  normal  A;,  r,  on  the  nbihee  A,.  Let  a 
ray  of  lights  moreover,  be  imagined  in  the  direction  b^  &„  prooeeding  in  the 

Fig.  22. 


Fig.  21. 


Fig.  23. 


7 


\       I 


.     \ 


lens,  then  the  angles  formed  by  this  ray  with  the  two  parallel  normals  A;, 
Tj  and  k^  r,  will  be  eqnaL 

If  the  angles  be  equal,  the  deviations  which  the  ray  b^  h^  undergoes  at 
h^  and  &2  will  also  be  eqnal,  and  as  these  deviations  take  place  in  opposite 
directions,  5,  c  is  parallel  to  a  b^.  The  points  k"  and  kT,  to  whidi  a  bi 
and  e  b^  (req[>ectively  before  and  after  the  refractions)  are  directed,  are  there- 
fore the  nodal  points  of  the  lens. 

In  order  to  calculate  the  position  of  these  points,  first  seek  the  point  o, 
where  the  ray  &|  6,  eats  the  axis ;  if  the  radii  k^  5,  »  p„  and  k^ 
6,  -  p,  are  parallel  to  one  another,  the  triangles  Ar,  6,  Ai  and  A,  6,  A, 
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GoDseqiieiitlj  Pi :  Ai  h^  ->p, :  A,  b^ 

Asy  mofeoTer,  the  triangles  h^  5i  o  and  A,  5,  o  are  similar, 
Ai  &i :  A,  o  B  A,  5, :  A,  o ; 
and,  ooaiseqaentlj,  p, :  A|  o  «-  p, :  A,  o ; 

tiiat  isy  tlie  distances  from  A,  and  A,  to  o  are  proportionate  to  the  radii  of 
earratare  p,  and  p,  of  the  refracting  snrfaoes  A,  and  A^  If  the  two  radii 
of  cnrratnie  are  equal,  o  will  therefore  lie  midway  between  A|  and  A,. 

K  the  point  o  be  determined,  we  can  easily,  by  <»lciilation,  find  I^  and  k^ : 

they  are,  in  fact,  the  points  whereon  the  rays  which  in  the  lens  pass  through 

0,  or  proceed  from  o,  are  directed  without  tiie  lens — ^in  other  words,  they  are 

the  images  of  o. 

AH  the  lays  proceeding  from  o  (Fig.  25),  as  o  5  and  o  c,  are,  after  refrac- 

Fig.  24. 


Pig.  25. 


tion  at  the  anterior  surface  Ap  directed  to  k\   the  rays  o  h',  and  o  & 
to  If,    Consequently  "k!  and  o  are  the  conjugate  foci  by  refraction  on  tho 


48 


DIOPTRICS  OF  THE  EYE. 


gnr&ee  A, ;  k'  mnd  o  thoie  lor  lefrmetioii  on  the  nirftee  k^  Both  are  eal- 
enlated  aeeording  to  the  fbnmiU  3  e ;  it  is  theiefbie  uriRriwit  to  apply 
this  fonnnla  to  one  of  the  two  snrfiMes. 

For  the  interior  sorfaee  of  the  lens  (^.  26]  A,  f '  is  =  F,  A,  f'  =  F'' 
sail  Aj  0=/^.    For  A,  *'=/'  we  now  find 

Fig;  28. 


Fig.  26. 


I 


s. 


Fig.  27. 
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r= 


ftlertOT 


Naw 


I  tLis  formula  ^r' — I^  has  piven  place  to  P' — f*\  because  the  point  of 
\  o  lie*  be^wec1l  Ai  and  ^i''  (eomimre  Fig.  2t3),  and  k*  ia  therefore  a  ar- 
iual  iniiige.     In  like  mannerf  k**  h  found  for  the  surface  /i,  of  Fig.  25. 

We  h&w^  called  X/  and  k'  the  images  of  o.    They  are  really  so.     Were 
here  a  little  point  in  o  in  the  lens  (Fig.  25),  it  wonldi  seen  through  the 
surface  of  the  lens  A|,  appear  to  be  in  k',  and,  seen  through  the 
or  surface  ^i  in  Jt**, 

if  the  rays  proceeding  from  o  (Fig,  27),  are,  after  refraction  on  the 
Dterior  surface  A,,  at  ^  and  b^  directed  as  6  a  and  b'  a'  to  k\  after  refraction 
"on  the  posterior  surface  A^,  as  c  d  and  c'  tt  are  directed  to  A'»  the  rays  n  h 
and  a'  h\  which  before  the  iirst  refraction  are  directed  to  k\  pass  in  the 
tns  through  o ;  and  appear,  after  the  second  refraction  as  c  (/  and  &  it  to 
!  derived,  from  k*,  e  d  being,  moreover,  parallel  to  o  6  and  c'  d'  to  n*  b\   The 
points  found  k'  and  df  therefore  correspond  to  the  definition  of  nodal  points 
^^boTe  given^ 


I      and 


IX. — 7b  make  use  of  the  nodal  poinU. 


P^dii 


Of  these  nodal  points  we  can  make  the  same  use  as  of  the  single  nodal 
fiOint  (oontre)  ef  a  single  refraotiog  surface  (compare  Fig.  10),  with  this 
"iffereace,  that  between  a  point  (Fig.  28)  i'  and  its  image/  we  have  to 
distinguish  two  rays  of  direction :  the  Iirst,  namely,  ^  kf,  and  the  second 
h^f.  These  are,  however,  parallel  to  one  another,  and  the  angles  a,  and 
^  are  therefore  e<iuaL  Consequently,  the  image  Jf  is  seen  from  k*  under 
the  same  angle,  under  which  the  object  i  i  exhibits  itself  from  A<  For  the 
magnitudes  of  the  object  %!  ^  B  and  tbo  image//  ^  ^  we  therefore  iind ; 
/3:  2i=jk''.ik\ 

If  the  object  lies  at  a  great  distance  from  the  lens  we  may  set  down 
1**'  =  if^\  and  the  formula  then  becomes : 

^  :  B  =/  k^  :  •  ^,  whence  the  posterior  nodal  point  results  as  sole 
pointf  and  we  have  to  do  with  only  on©  ray  of  direotion. 


i 


X.^ — Optical  centre. 

The  point  o  (Fig*  28,  compare  also  Fig.  25)  is  known  under  the  name 
of  optical  centre.  Usually  we  assume  that  the  rays  directed  to  this  optical 
cent^,  pass  through  unrefracted.     The  formula 

j3  :  ^  =/ o  :  I  o  is  then  applied. 
Ve  have  alrready  seen  that  this  is  not  perfectly  correct. 
For  thin  lenses,  with  a  long  focal  distance,  this  method,  it  is  true,  gives 
ic  to  no  notable  error.  But  for  tliiok  lenses,  with  a  short  focal  distance,  the 
viittion  may  be  oonsiderable*  and  the  two  nodal  points  must  be  taken  into 
calculation.  If  either  object  or  image  be  situated  at  an  iolinite,  or  at  least 
at  a  rery  great  distance  from  the  lens,  we  may  for  these  lenses,  too,  assume 
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one  nodal  point,  namely,  that  on  the  side  of  the  shorter  oonjogate  focal 
distance  (Compare  IX.),— but  in  no  case  the  optical  centre. 

XI. — Every  lens  has  two  principal  points,  hf  and  hf. 

As  a  lens  has  two  nodal  points,  it  has  also  two  principal  points:  If  then 
exists  only  one  refracting  surface,  the  refracted  nj  is  directed  to  the  sami 
point  of  that  surface  as  the  incident,  and  from  this  point,  where  the  refraetioz 
takes  place,  we  calculate  the  principal  focal  distance  as  well  as  the  conjugate 
focal  distances.  The  principal  point  lies  then  in  the  surface  of  curvature 
If  there  be  more  than  one  refracting  surface,  a  ray  is  after  the  last  r» 
fraction  evidently  no  longer  directed  to  the  point,  where  it  underwent  th< 
first  refraction.  But  we  can,  however,  find  two  surfaces,  perpendicular  tc 
the  axis,  which  stand  in  such  a  relation  to  each  other,  that  the  rayi 
before  the  first  and  after  the  last  refraction  are  directed  to  exactly  cone 
spending  points  of  these  two  surfaces.  This  is,  in  fact,  attahied,  ii 
the  two  surfaces  are  images  of  one  another,  of  equal  size  and  like  direo 
tion  (dtuated  on  the  same  side  of  the  axis).  The  two  surfaces  which  fulfil 
these'  conditions,  are  the  principal  sttrfaces,  and  where  they  are  cut  by  th< 
axis,  lie  the  principal  points.  From  the  first  principal  point  hf  the  anterior 
from  the  second  h'  the  posterior  focal  distance  is  calculated. 

XLT.—Mode  of  finding  the  principal  points. 

To  find  the  principal  surfaces,  we  must  in  the  system,  for  example  in  a 
lens,  determine  in  what  position  an  object  must  be,  in  order  to  form  similai 
images  on  both  sides,  these  are  then,  tdso,  images  of  one  another,  and  there- 
fore represent  the  principal  surfaces.  We  immediately  see  that  in  a  bicon- 
vex lens  the  place  sought  must  be  found,  between  the  two  refracting  sur 
faces,  in  the  lens.  The  magnitude  of  the  virtual  images,  formed  by  each  ol 
the  surfaces  of  an  object  situated  here,  we  find  by  the  formula  (4  6), 

In  this  each  surface  is  considered,  as  if  the  other  were  not  present. 

Now  in  Fig.  29  let  A,  ^'  =  JF*/  be  the  posterior  focal  distance  of  the 
surface  h^  in  glass  for  rays  falling  parallel  in  the  direction  A' A  on  h^ 
hi  ^i"  =  Fi,  the  focal  distance  of  the  surface  Ai,  likewise  in  glass.  Now 
if  an  object  be  at  s,  sh^  ^^/z"  and  shi  =/i'.  If  the  images  are  of  equal  size, 
then  since 

/5:i?  =  F/-//:P/ 
and 

the  formula 

//:F,-=/,'':F,'    (b) 

must  hold,  which  signifies,  that  in  order  to  find  the  point «,  hi  ht  most  be 
divided  into  two  parts,  proportional  to  the  focal  distances  hi  f/  zsz  F^ 
andAi^i'  =  J'/. 

The  correctness  of  this  result  appears  immediately  horn  the  oonsti^ 
tion  (Compare  Fig.  30). 


MODE  OF  FINDING  THE  PRINCIPAL  POINTS. 

Fig.  30. 
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Fig.  29. 
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Each  surfaoe  is  here  again  considered,  as  if  the  other  were  not  present. 

The  ray  drawn  from  ^/  to  ff^  heoomes,  as  derived  from  the  seoond  foons 
of  A„  at  &  as  5  a,  parallel  to  the  axis,  likewise  that  drawn  from  ^  to  «',  in 
y  as  h'  of.  The  distances  from  h  and  h'  to  the  axis  are  therefore  the  magni- 
tudes of  the  images  of  the  line  s  ff^  and  these,  h  A^  and  If  A,  assumed 
as  vertical  to  the  axis,  are  equally  large,  when  Aj  A,  is  divided  propor- 
tionally to  the  focal  distances.  Then,  since  ^/  ff  and  ^i''  <'  are  prolonged 
to  If  and  h  proportionally,  they  will  therefore  in  V  and  h  again  have  come 
to  similar  heights  ahove  the  axis,  just  as  was  the  case  in  ff. 

If  we  now  know  the  position  of  the  point  #,  we  find  the  positions  of 
its  images  hy  the  same  formula  3  c, 

according  to  which  the  position  of  the  nodal  points  from  o  is  determined 
(Compare  YIII.). 


XIII. — Signification  of  the  principal  surface$. 

The  signification  of  the  principal  surfaces  is  this,  that  each  ray,  for  exam^e, 
abed  (Fig.  31),  after  the  second  refraction  as  c  J,  is  directed  to  apoint  of 


A' A',  removed  as  far  from  the  axis  as  the  point  of  A' A',  to  which  the  ray  a  6 
before  the  first  refraction  was  directed.  And  that  this  must  be  the  case, 
appears  when  we  see  that  the  ray  in  the  lens  passes  through  ^^  and  i«- 
member  that  aU  rays  passing  through  ^  at  the  one  side  of  the  1^  appear 
to  come  from  e',  and  on  the  other  side  appear  to  come  from  e*. 


XIY. — OmJiiiomftr  ike  eomeidmeg  of  the  prine^  poimU  and  nodal 

JMMlte. 

''^m  by  ^bm  auie  Bwdiam,  for  example,  air 
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(n'  ^  H'')t  8  and  o  ooincide,  and  therefQre  alio  A'  coincides  with  if,  and  h* 
williife'(t'ig.  32). 

Fig.  32. 


^ 


^« 


-=4? 


The  point  s  is.  namelj,  found  by  dlTiding  the  axis  of  the  lens,  into 
two  parts,  which  arc  ojs  tbo  focal  distances  belonging'  to  tbe  principal 
points;  the  point  a,  by  dividing  the  same  axis  into  two  parts,  proporliona 
to  the  radii  of  curvatare  of  the  two  surfaces.  Now^  sinoo  the  focol  di»» 
taooes  are  proportional  to  the  radii  of  ctirvature,  the  division  of  the  axia 
la  in  both  oasea  the  same,  and  therefore  o  and  a  coincide.  The  same  mnst 
he  true  of  th^  respeetiye  inaages,  k'  and  *',  and  h'  and  A^ 


i  V,^  Qmd&wn  for  the  non~cmneidenc6  of  the  principal  and  nodal  points. 

On  the  contrary f  when  the  lens  is  not  bounded  on  both  sides  by  a  nieditini 
whoee  refractive  coefficient  is  equal  (n  ^  n"),  a  and  o  no  longer  coincide 

and  therefore  the  images  i^  and  k*  (of  o)  no  longer  coincide  with  h'  and  h 
(thoae  of  t). 

For  the  principal  points,  also  when  n'  ^  n",   the   formula  still   finds 

application :  a  lies  always  at  the  point  where  the  distance  hi  h^  ^s.  D^  is 
divided  proportionally  to  the  principal  focal  distances.  Then,  namely,  the 
two  tmaget  of  «  /  oontinua,  as  a  glance  at  Fig.  ^0  immediately  shows,  of 
eijiial  size, 

If<yir,  in  proportion  as  — ^^  becomes  smaller,  the  second  focal  distance  Ih  f^ 

ti  tht  MifCMe  hf  heoomes  longer,  and  ^  approaches  more  and  more 
t»  M^t  wham  focal  distance  A^  f  ^^  has  remained  unaltered.    Lastly,   if 

^  ^  1,  i,  ^'19  infinitely  large,  and  s  therefore  lies  in  Ai*     Then 

f 
t«a  imM^m  of  ■  m  no  longer  formed,  but  a  coincides  with  its  image 

IB  ike  point  kti  tlie  lens  is  changed  into  a  single  refract  insr  surface,  of 

videii  I  hm^^  ta  IT.  eliomi  how  to  recognise  the  cardinal  points;. 

WkOe  u  ^m  iMt  thai  n'^  beeomes  greater  than  n\  the  point  a  is  removed 

farwazdf  tlM  potnl  o  deviales  in  the  opposite  direction,  backwards.    This 

n' 
appears  alreftdj  from  tlie  fact,  that,  when  — ^   has  become  =  1 ,  and  con- 
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teqaeailj  only  <me  refracting  torfSMe  lias  nmtdne^  §  wagm  to  &  om  fbe 
•urfaee  af  earrature  Aj,  and  o*  on  the  contrary,  in  the  e»tre  of  onnrntsn 
k^  (Fig.  33)  (compare  Fig.  17>     It  nnat,  howoTer,  be  man  aceoratdy 


w 


s/ 


ptoredi  sod  at  the  aame  time  ihowB,  how  the  poaitiott  of  o  may  in  thia 
eaae  alao  be  firand. 

In  Fig,  84  -^  is  mnch  smaller  than    -r  aa  it  thence  appears,  that  the 

focal  distance  of  rays,  paraUel  in  the  lens  and  refracted  on  the  posterior 
•surface,  as  A,  fs'  ^=  ^2%  ^  three  times  greater  than  that  of  the  same  rays 
refracted  on  the  anterior  surface,  as  hi  fi'ssFi  ;  while  the  radius  of  cor- 
Tatnre  hik^hs  only  \\  times  greater  than  Ai  ki. 

If  we  draw  from  the  point  a,  situated  in  the  focal  surface  of  A^,  a  ray  a  6  c, 
directed  to  hi,  this  passes  through  at  b  unrefracted  to  c.  If,  moreover, 
we  draw  in  the  lens  a  second  ray  d  V,  parallel  to  o  6  e  and  directed  to  hj» 
and  prolong  t^is  to  tf'  in  the  focal  surface  of  1h»  we  haye  in  the  lens  two 
parallel  rays  h  c  aiid  V  &.  All  the  rays  parallel  in  the  lens  now  unite  in 
ea^h  of  tiie  focal  surfaces  into  one  point,  whence  it  follows  that  o  5  c  is 
refracted  at  c  and  proceeds  as  c  tf';  ih'  tf  refracted  at  (f  continues  in  the 
direction  d  a.  Now  it  appears  that  at  the  surface  Ai  the  ray  e  h  passes 
through  unrefractod,  the  ray  h'  d^  on  the  contrary,  experiences  a  deviation, 
c'  a  5  s=  yi ;  that,  on  the  contrary,  at  the  surface  h%  the  ray  d  h'  passes 
through  unrefracted,  but  h  c  undergoes  a  deviation  ^  c  a'  6'  :=  y^. 

Now,  the  deviation  of  rays,  parallel  to  be,  increases  on  the  surface  Ai, 
between  b  and  d,  regularly  from  zero  to  yi ;  on  the  surface  h%,  between 
1/  and  c,  from  zero  to  y,.  Between  b  e  and  b*  d,  therefore,  lies  a  ray  parallel 
to  both,  which,  at  the  two  sides,  at  Ai  and  A^  has  an  equal  deviation.  It  is 
evident  that  we  shall  have  found  this  ray,  if  a  e  is  9arallel  to  a'  e',  or,  in 
other  words,  if  the  angle  eab  ja  equal  to  d t^l^.  For  that  purpose  let  us 
consider  the  triangles  abe  and  a'b'd:  these  have  the  side  a  b  parallel  to  a'  5', 
o  e  parallel  to  tf'  d,  finally,  b  e  parallel  to  b*d,  because  both  are  perpendi- 
cular to  the  axis.    They  are  consequently  similar,  and  therefore 

be:b'd=2ab:(^l/, 
but  because  o  b  has  the  same  inclination,  with  respect  to  Ai  f\,  that  a'  b* 
has  with  respect  to  As  f'^,  we  may  write, 

b0ib^d:=hif\:htf\=zF,':  Ft'. 
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Finallj,  beoause  the  three  lines  d h' <f  e'^  e' o  et^  and  i^,  c6  a  are  parallel, 
ilj  o  :  ifr,  o  =  «"  a  :  c'  <?*, 
and  as  ^  a^=ieb  and  c'  e'  =  1/  ef 

The  point  o  w  therefore  found,  by  dividing  the  distance  k^  k^  between  the 
centres  of  curvature  of  the  two  surfaces  into  two  parts,  proportional  to  J\' 
and  Fz,  or  (compare  2h  and  2d)  to  the  focal  distances  6?/  and  0{  be- 
longing to  k^  and  k<^ 

This  expression  is  the  more  general :  it  is  applicable  to  all  cases,  and 
therefore  also  in  the  case  where  n"  =  n',  for  which  above  (YIII*)  another 
expression  was  found. 

Now,  if  the  point  o  be  known,  the  positions  of  the  two  nodal  points  k* 
and  1^^  the  images  of  o  (as  well  as  that  of  the  two  principal  points  h'  and  A', 
the  images  of  «),  are  calculated  according  to  the  formula  3  c,  as  is  pointed  out 
in  YIII .  By  construction  k  and  h'  haye  already  been  ascertained  in  Fig.  34. 
The  anterior  nodal  point  k  lies,  namely,  where  the  ray  ae,  prolonged 
as  a  right  line  (dott^),  should  cut  the  axis ;  the  second  1^,  where  the  ray 
ff  of  should  cut  it.  Every  ray,  which  before  ihe  first  refraction  is  directed 
to  k,  is  after  the  first  refraction  directed  to  o,  and  after  the  second  refrao- 
tion  to  y,  and  is  again  parallel  to  its  original  direction. 

XVI.— /bcr. 

It  now  remains  to  define  the/oct  of  a  lens  (Fig.  35). 

For  this  it  is  necessary  to  know  the  thickness  of  the  lens  A,  A,  :=  2),  and 
the  focal  distances  of  the  two  surfaces  separately. 

The  foci  of  the  surface  A,  lie  in  0/,  and  0,';  those  of  A2  in  ^'  and 
^.  Let  us  call  the  focal  distances  Aj  0/  and  A,  0/  F^'  and  F'\  the 
focal  distances  hx  ^  and  A,  if^f  are  F2  and  F^'. 

They  are  found  according  to  formula)  la  and  lb.  If  rays  now  come  in 
the  direction  A  A,  parallel  to  the  axis,  they  are  at  the  surface  \  refracted 
towards  the  point  ^' ;  if  they  arrive  at  A2,  their  focal  distance  A3  0,'  is 
s=  F'  —  2).  Here  they  are  again  refracted  at  a  surface  with  focal  dis- 
tances F-i  and  Fi,  They  will  therefore  unite  in  ^',  and  h^  ^'  will  be 
found  according  to  the  formula  3  d. 

The  second  principal  focal  distance,  which  is  calculated  from  the  second 
principal  point  A',  is  now  jP  =  Aj  0'  +  A,  A'. 

In  like  manner  we  find  A,  ^\  by  letting  the  rays  fall,  parallel  to  the  axis, 
in  the  direction  A'  A  on  A),  and  undergo  a  second  refraction  at  the  surface 
A,.    Moreover,  jP  is  =  A,  0'  +  A,  A'. 

If  the  first  and  last  media  be  similar,  n"  =  n\  then  F  =z  F,  and  there- 
fore needs  not  to  be  separately  sought.    Of  this  the  proof  is  simple. 

For,  let  A'  f'  be  found  s=  F*  (Fig.  36),  then  from  the  point  a,  situated 
in  the  poateriar  fimal  mrlMie,  let  two  rays  proceed :  the  first  a  h',  directed 

***«¥  aide  of  the  lens  in  (n',  as  h'  a*,  parallel  to 

""I  liie  eame  point  a,  must  in  (n'  be 

L  to  the  axiB,  it  must  in  (n'  cut 


5^  DrCPTRICS  OF  THE  ETl. 

A«  in  tlM  t»n^i»  <f  -^  4  md  4  ^  ''i,k  il  im  eridendf  puBDcI  to  a  &, 
and  ff  f*  tA^i^,  and,  maceoTCfv  k' h  ^k  jr,  the  two  **'"»g't^  are  eqiud 
and  flaflar,  mod  H^  ^  :^  H^  f%  riut  k  ^  ==  ^. 


la  §1  XIT,  sad  XT.  it  was  aiiowiiv  m  wbac  Biaaner,  w&en  »^  is  ^  m', 


aad,  conaBqpiMitiy,  tibe  priB«:ipal  paiota  and  aadal  pomta  do  not  eoincide, 
llMao  pointi  aiay  be  igpaTitrfT  fimuL  Tliia  waa  dine  in  order  to  exhibit 
dearij  the  «gnfff(ntinn  of  thaaa  poiiita^  aad  to  affixd  a  pctxrf,  that  in  a 
eoaipoaiid  djagitiie  fljatim  poiiita  an  ta  ha  fbmid,  haTin^  the  already 
explained  ■gnfjiffatinn  of  praeipal  poiata  and  nodal  pointa.  Kow  we 
saj  ptoeeed  finm  ^bim  sgnifteatigB,  «a  ihov  ^dr  ifripffijeal  dependenee 
la  poaitioB,  wheaoe  it  will  appear  that  tibe  fiiei  bdag  known,  from  the 
poaitieii  of  tiie  nodal  pointa  tiiat  of  the  principal  pointi»  or  tite  fend, 
BMJ  bededneed. 

We  may  remember  that  tar  a  sin^  refraedng  torfaeey  where  only  oae 
principal  point  and  ooe  nodal  point  exista  (Hg.  17), 

P      =  P-, le 

P      =^  +  f> Id 

In  agreeaient  with  thia  we  ihaU  show,  that  in  a  oompoond  dioptrio 
•jfteniy 

kf'   =4^/,thati8,J*=G* 5a 

Vhf  ^kV be 

Vf'  =  il^f',thati8,-P'=^  ....    56 

F'     =  J>-^ bd. 

It  is  first  to  be  proved  that  h  f'  ^y  f. 

The  ray  a  (  (Fig.  37),  outting  the  ibds  in  the  anterior  foous  0,  falls 
upon  the  first  prinoipal  surface  in  h,  and  now  rons  in  {n"  aa  o  d  parallel 
to  the  axis.  All  rays,  in  {n*  parallel  to  a  5,  unite  with  o  5  in  the  same 
point  d  of  the  posterior  focal  surface.  Vice  versd^  therefore,  every  ray  pro- 
ceeding from  d  runs  in  (n'  parallel  to  a  6. 

One  of  these  rays,  namely  d  c',  is  in  {n"  already  parallel  to  a  5,  and 
must  therefore  in  n',  as  5'  a',  continue  parallel  to  o  5,  that  is,  to  itself. 
Kow  the  disdnctire  mark  of  the  nodal  points  is,  that  rays,  in  (n"  directed 
to  iK,  in  fi'  are  directed  to  A^  and  parallel  to  themselves.  Consequently, 
where  d  <f  cuts  the  axis,  lios  A:^,  and  the  point  of  the  axis,  whereon  d  V 
is  directed,  is  A*.  Now  it  immediately  appears  that  the  triangles  ^'  h  h' 
and  il'  d  f '  are  equal  and  similar,  and  oonscquently, 

A^/c=A'f,thatis,  f^BxP 50.  Q.K.D. 

It  is  at  the  same  time  included  in  this  construction,  that 
k'  r  «  K  A*. 
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^^^^^        For  k^l^  b^  e'  u  u  {yar&llelogram,  and  b*  &  h'  h'  a  rectaQgle, 

^^^H  Therefore  A'  A'  =s=  A V  =  Ar'  A^. . , , .  • .  ,6  r, 

^^^         Ifov,  if  if  r  =  h*  h%  it  foUowH  further  that- 

■  h  kf  =  h"  r» 

^^and  sinod 

IA'/^A'r  +  r^' 
A'f  18  =  A'/,  that  b,  G'^F* bh, 
Mofeorer,  wo  tee  tliat  ^',  ^'  and  k'  have  a  relatioa  to  the  direotiQn 
B  raja  in  {n' ;  ^'^  A'  and  l^  to  ike  direotioii  of  th^  rays  in  (n'^ 
I 
jlVIII,— .2^  prineijtai  focal  di%tance§  are  proporUmial  to  the  coefficient* 

^  o/  refraction  of  thtfirtt  and  h«t  media* 


In  order  to  prove  this  important  proposition,  we  must  make  us©  of  a 
weU-known  law,  which  oonneota  the  magnitude  of  the  images  with  the 
difergeace  of  the  rajs,  independently  of  the  position  and  the  focal  distance 
of  the  refracting  surface* 

In  Fig.  38»  let  •  be  a  point,,/  its  image,  h  the  refracting  spherieal  surface ; 
consequently,  i  A  s=^and  hj  ^^f-  For  small  angles  hb  may  be  regarded 
■ft  perpendicular ;  and  if  thia  perpendicular  be  short,  the  opposite  angles 

•  A  t6  =  a  and  6j  A  =  a'  are  inversely  proportional  to  their  diatanoea  firom 
A*. 
Consequently,/*  =t/' «'  . ,   .,.  A. 
MoreoYer,  we  know»  that 

P  -J^^J.nd|=-^ 2cand46. 

By  multiplication  we  obtain : 

■  B    '  n'         F'   *         F'  F* 

^m     Now  likewise  (aa  follows  from  3  e), 

■  /'       J"  ■ 

■  /:  =  ^   »' 

^  Uiuaeqmitly,  ^'      \B   "   n'  * 

Thia  value,  placed  in  the  above  equation  A^  gives 
J?  ji'  «  ^  /3  j^  a  . . . . . . ,  .  6  a, 

which  formula  expresses  the  law  above  mentioned. 

liOt  us  now  consider  a  compound  dioptric  system  (Fig.  39),  in  which  th©^ 
object,  iT  ^  ^,  is  equal  in  h\z^  to  its  image  jj  ^  /3,  In  order  to  oon- 
ftroct  this,  let  us  first  place  the  nodal  pointe  k  If,  and  draw  the  line  i  k\ 
and  ^J  parallel  to  it  ^  k'  i.  At  some  distance  from  kf  A'  let  us  now  place 
h  K'  ^t^  1^,  All  rays,  proceeding  from  H^  unite  in  its  image  / ;  one  of 
tlieae  rays,  namely  i'  6,  proceeding  from  C  parallel  to  the  axis,  shows  the 
poeition  of  the  posterior  focal  point  0' ;  and  as  6  A'  ^  t"  i'  ^Jf,  the  triangles 
A'  p'  b  and  j  f'  /  are  equal  and  similar,  consequently  h'  0'  =.  /j',  or 
A'/  =  4  AV,  that  is,  J^  =  i  f\ 
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Fig.  39. 


Fig.  38. 


••x-^-. 


PRINCIPAL  FOCAL  DISTANCES. 


m 


LOtewise  the  ray  /  y,  prooeeding  from/  parallel  to  the  oris,  ahowBi  wher« 
it  outs  tho  nxU;  the  position  of  the  anterior  fooal  point  in  f\  &nd  in  like 
numner  it  appeam*  that  A'  ^'  ^  J  h'  i\  that  is  F*  :=  \j\ 

Let  us  now  consider  tlje  ray,  which,  proceeding  in  the  direction  Hi'  from 
I,  arriT^  in  tiie  direction  h'J  in/,  but  on  ita  way,  refracted  at  varioua 
fuHkoes,  has  so  many  LimeB  acquired  another  unknown  direction.  Wo] 
know  only  the  angle  ^h'i^s^it,  which  it  forms  before  the  first  refraction 
in  the  medium  with  indt'X  {u\  and  the  angle  y  A'/ =:  «^,  which  it  makes 
afWr  the  last  refraction  in  the  medium  with  index  n^f  with  the  axis, 

a  F* 

In  the  first  place  it  appears  that    —  =    i^  * 

For,  Binoe  •  i*  =s  /  /,  the  little  angles  opposite  each  are  inversely 
proportional  to  their  distances  from  i%\  or jj\    Consequently  i 

««~     *A'       /' 
and  since,  in  the  supposed  case, 

F'=i/'andJ*=i/% 

J^'  _  /I  and  -^   ^^ 
F'  -  r  ^^    -  F" 

Seoondlyj  we  shall  show  that 


Let  OS  call  the  angles,  which  the  ray  proceeding  from  i  under  the  angle 
««  and  arriving  at  /  under  the  angle  a„,  in  its  c^ourEiO  auooessivcly  makes 
with  the  axJSj  «',  a',  a'%  etc.  With  the  magnitudes  of  the  angles  the 
magnitudes  of  the  images  also  every  time  alter:  let  the  magnitude 
of  the  image  in  the  first  principal  surface  be  ^,  and  that  of  the  serica  of 
images  after  each  refraction  ^,  /3^,  etc. ;  lastly,  in  the  second  principal 
surfaoe,  after  the  last  refraction  pn,  ^  0*  Now,  as  two  successive  images 
may  each  time  be  considered  related  as  object  B  to  image  fi^  we  may 
apply  the  formula  (6d). 

Bn'  a,  =  /3n'«\ 
to  the  eenes  of  images,  formed  in  the  compound  system ,  and  thus  we  obtain 
ff  n  *  ^  /r  n'  it* 

ete. 

Whence  follows ; 

/»'«'«  =  /3„  »„  <*^ ; 

n'  a   =  Ami  «w»  Or 

a  n* 

Now  if,  as  we  have  above  shown  for  the  particular  case, 
*  ^    -~,  so  also, 

Aful  which,  of  oourse,  holds  good  for  all  cases. 
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XIX* — Application  to  the  crystalline  tens. 

AU  tlie  foregoing  may  be  applied  to  the  crystalliiie  lenB.  In  the  no 
aoeommodated  eye  the  radius  of  the  anterior  surfaoe  (Fig.  40  A,)  is  about 
^10  mm.  J  that  of  the  posterior  surfac*  fu  ^  6  mm, ;  its  thickness  /*,  hi  ^ 
3.6  mm.  ;  and  the  coefficient  of  Tcfraction  k  stated  to  be,  for  the  lens 
1*455,  for  the  vitreoua  and  aqueous  humours  1-3366, 

Hence  the  cardinal  points  are  to  be  calculated.  The  optical  centre  o 
lies  (3*6  X  6  :  6  +  10  ^)  1"35  mm,  from  the  posterior,  and  therefore  (3*6 
—  1'q5  ^)  225  mm*  from  the  anterior  surface  of  the  crystalline  lens.  From 
this  optical  centre  let  rays  pass  forwards  into  the  aqueous  humour,  and 
backwards  into  the  vitreous  humour,  and  calculate  (according  to  formula 
3  c),  from  what  points  in  the  lens  they  sball  appear  to  proceed.  These 
points  appear  to  be  A-'  situated  at  1"4927,  and  k"*  at  l"26'i4  mm-  from  the 
posterior  surface  of  the  lens,  and  therefore  less  than  1  mm,  from  each 
other.  By  the  method  pointed  out  in  XYL,  we  calculate  /ir,  9%  and  add  h'  h„ 
then  we  have  the  posterior  principal  focal  distance  h'  0'  ^  F'  ^^  43  707  mm., 
and  to  this  the  anterior  is  equal,  because  the  vitreous  and  aqueous  humours 
maybe  considered  similar.   Therefore,  also,  k  and  k'  coincide  with  h'  and  h'* 

Our  knowledge  of  the  crystalline  lenss,  howeveri  leaves  muoh  to  be  de- 
sired*  Probably  the  index  of  refraction  is  somewhat  too  grcat^  and  thus 
the  focal  distance  as  assumed  is  too  smalL 

The  nse  which  may  be  made  of  our  knowledge  of  the  six  cardinal 
points,  in  the  determiaation  of  the  magnitude  and  position  of  the  images, 
is  included  in  the  foregoing,  but  will  be  still  more  evident  when  we  shall 
have  studied : — 


C, — RBFEACrrOTT  THBO0GH   A    COMPOUITD   SYSTEM,   CONSISTHfO  OF 
SPHEEICAL   StTEPACE   AND   A   BICONVEX:  lENS. 

^^^—Oefternl  indication  of  the  cardinal  points  of  the  eye. 


The  dioptric  system  of  the  eye  consists  of  a  spherical  surface  and  a  hi^ 
convex  lens.  We  shall  at  once  make  the  cornea  and  cryBtalline  lens,  with 
which  we  are  now  acquainted,  the  foundation  for  finding  the  cardinal 
points  of  this  compound  system.  Let  system  A  (Fig.  41}  represent  the 
position  of  the  cardinal  points  of  the  cornea  ;  system  B  tLat  of  the  lens ; 
system  C  that  of  the  eye.  The  distances  are  taken  as  they  occur  in  a 
well-constructed  eye.  System  C  must  be  found  from  the  systems  A  and 
B,  From  the  diagrammatic  representation  which  the  ilgure  gives  us,  we  are 
direetly  led  to  the  conclusions:  1.  That  the  principal  points  and  nodal 
points  in  system  C  cannot  coincide,  for,  just  as  in  s^^stem  A^  the  tirst  and 
last  media,  {n*  and  (n",  are  dissimilar.    2.  That  as  the  nodal  point  of  system 
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A  oesrlj  coiooidea  with  ^  and  ^  (or  h*  and  A')  of  system  B,  k'  aDd  jf  of 
tyttem  Coome  to  He  nearly  at  the  same  height,  at  least  undoubtedly  in  the 
posterior  part  of  the  crystalline  len«*  3,  That  while  the  principal  point  h 
of  system  A  lies  on  the  anterior  irurface  of  the  cornea*  and  the  principal 
points  A'  and  A'  of  system  B  lie  in  the  lens,  at  6-7073  and  5  93 5 6  mm. 
behind  that  of  system  A^  those  of  system  C  must  fall  in  the  aqueous  humour, 
4,  That  by  the  combined  action  of  A  and  B  the  focal  distaooes  h'  ^'  and 
A'  f*  in  system  C  are  much  shorter  than  in  system  A  and  system  B, 

XXI. — Calculation  of  the  pontwn  of  the  principal  points  in  the  eye. 

If  we  now  wish  to  determine  the  situation  of  A'  and  A'  in  system  C,  we 
have  nothing  else  to  do  (compare  XI L)  than  to  seek  for  the  point  s,  and  to 
calculate  the  positions  of  the  two  images  from  this  point ;  the  two  images 
are  then  the  principal  points  A'  h'  of  system  C  Now  the  point  *  lies  be- 
tween A  (system  A)  and  h'  system  B  :  and  indeed  at  distances  proportional 
to  the  principal  focal  distances  of  each  of  these  systems.  For  this  being 
the  position  of  s,  the  image  of  the  perpendicular  5  s"  (Fig.  42)  formed 
by  the  cornea  C\  is  of  equal  size  with  the  image  formed  by  the  crystalline 
lens  L.  The  magnitudes  are  easily  found  hy  construetion  (compare  Fig.  30). 
In  Fig,  42  h  f'  is  the  posterior  focal  distance  F^  of  the  eomeR,  h'  ip*  the 
anterior  F{  of  the  crystalline  lens.  Supposing  the  crystalline  lens  away, 
the  cornea  forms  an  image  of  «  «'  =  A  a  ;  supposing  the  cornea  away,  the 
lens  forms  an  image  at  ss'  ■=.  h*  o\  These  two  images  A  a  and  A'  a'  are  of 
equal  sijEO  (compare  XIL),  when 

^'  #* :  s'  a  ^  ^  V  :  *  a', 
tn  which  case 

A  ^*  :  A«  ^  A'^' :  A'l. 

At  the  same  time  it  appears  that  the  point  «  lies  where  A  h\  and  not 
where  A  A'  is  divided  projiortionally  to  the  focal  distances  A  0'  =  F'  and 
A'  ^'  ^  /I'  I  for  already  from  the  point  u,  situated  in  the  surface  h\  the 
lay  f '  fl'  is  continued  us  «'  h  parallel  to  the  axis.  Furthermore^  it  appears 
that  if  the  first  system  A^  aa  well  as  system  J5»  had  two  principal  points, 
the  distance  between  A'  of  system  A  and  A'  of  system  B  must  be  divided 
proportionally  to  the  focal  distances,  in  order  to  find  the  point  », 

Now,  in  the  eye»  A  lies  in  the  curve  of  the  cornea,  h\  on  the  contrary, 
5-7073  mm,  behind  the  cornea;  F^  is  =  31-692,  ^1'=  43-707  mm.  Con- 
sequently «  lies  5*7073  x  31-692  :  31-692  ^  43-707  =  2*399  mm,  behind  the 
oomea,  that  k,  5'7073  —  2-399  •=  3-3083  before  the  anterior  principal  point 
of  the  crystalline  lens.  The  position  of  the  images  of  %  we  now  further  find 
as  A'  and  h*  (system  C),  according  to  the  formula  (3  c): 

The  position  of  h'  =  ^^^^^  l.'f^j9   =  ^'^^^^  ^^^^"^  ^  <^^^  anterior 

3 "3083  "it  43*707 
•njfaoe  of  the  cornea),  and  the  position  of  h*  ^=  4^*7m 3-3088  '^  ^'^'^^^ 

before  the  posterior  principal  point  of  the  lens.  This  lies  rr9366  mm,  behind 
the  cornea,  and  consequently.  A'  at  6  93u0  —  3  &793  =  2'4563  behind  the 
anterior  surface  of  the  cornca< 
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XXII. —  Calculation  of  the  position  of  the  nodal  points  in  the  eye. 

In  order  to  find  the  positions  kf  and  k"  of  system  C,  we  should  remember 
(VII  I.),  that  tliey  are  the  images  of  the  point  o,  which  divides  the  distance 
between  the  nodal  points  of  system  A  and  system  B  (compare  XY.  and 
Fig.  41)  into  two  parts,  proportional  to  the  focal  distances  Gi'  atld  Q2' 
belonging  to  the  nodal  points. 

The  focal  distance  belonging  to  A,  system  A,  is  ^'  k  =:  ^'  h'  =  23*692. 
The  focal  distance  belonging  to  k\  system  J?,  =  43-707.  Moreover,  k  lies 
at  8,  ^  at  5*7073  behind  the  cornea.  Their  mutual  distance  amounts  to 
2*2927.  This  is  to  be  divided  in  the  proportion  of  23-692  and  43*707.  We 
«««  fi«^    2*2927  X  43*707  _  ...c^^ 

So  much  does  o  lie  behind  h'  of  system  B,  and  consequently, 
5*7073  +  1*4867  =  7*194  mm.,  behind  the  cornea. 

The  image  kf,  formed  of  o  by  the  cornea,  is  found  at 
23*692  X  7194       ^  «„  ,   ,.    ,  . , 
31*692-7*194  =  ^'^^^  ^^^^'"^  ^^^  ^"'^^• 

The  image  k^,  formed  of  o  by  the  crystalline  lens, 

lies  at  io^v.- T-TFTi^  =  1*4376  behind  the  second  principal  point  of  the 

4.j*i0<  -^  1*4867 

crystalline  lens,  and  consequently  1-4376  +  5*9356  =  7*3732  behind  the 

cornea. 

The  distance  k  k'  of  system  C=  7*373  —  6*957  =  0416  mm.  =  the  dis- 
tance h'  h'  of  system  C. 

If  we  first  determine  the  position  of  the  foci,  that  of  the  nodal  points 
will  follow  without  separate  calculation. 

/^  tj,"  =  h  0' 

and 
k'  hr  ==  K  h" 
which  has  already  been  proved  (XYllI.  and  XVII.). 


XXIII. —  Calculation  of  the  jHtsition  0/ the  foci  in  the  eye. 

Lastly,  the  focal  distances  of  system  C  are  easily  calculated. 

Parallel  rays,  refracted  by  h  of  system  A,  converge  to  the  point  ^,  situated 

at  31*692  behind  the  cornea.     On  their  way  lies  system  J5,  and  of  it  they 

meet  h'  at  5*7073  behind  the  cornea,  that  is,  while  they  converj^e  to  a  point 

situated  31*692  —  5*7073  =  25*9847  behind  h'.     Calculated  from  h%  F"  of 

system  J5  is  =  43*707. — "We  therefore  find  (according  to  form.  3  d)  the  pos- 

^    '      t  0    t       *,       r,   ^25*9847x43*707        ,^„^,, 

tenor  focus  /  of  system  C  at  _^-— ^— ---^  =  16-290 

behind  h'otB,  and  consequently  16-296  4-  5-936  =  22-23  behind  the  cornea, 
that  is,  22*231  —  2*3563  =  19-875  mm.  behind  h^  of  system  C.  The  pos- 
terior principal  focal  distance  F'  of  the  eye  therefore  amounts  to  19*875  mm. 
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To  calculate  the  anterior  focal  distance,  we  start  from  rays  parallel  in 
the  yitreoos  bumoor.    Refracted  by  the  lens,  these  converge  at  43*707  be- 
fore hf  of  system  B ;  consequently  they  arrive  at  the  anterior  surface  of  the 
cornea  at  43-707  —  5-7073  =  37*9997,  and  are  there  refracted  at 
23-692  X  37-9997 
"31-692  +  37-9997  * 
before  the  cornea,  that  is,  12-918  +  1-9403  =  14-8583  before  K  of  Syst  C. 

Fig.  43. 


,  =  12-918 


c.-^ 


« 


^. 
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Tbe  snterior  principal  focal  distaDce  F'  of  the  eye  th^roforo  amounU  to 
I4'8«3  mm. 

A  similar  separ&te  oaloolaiion  is  oot,  striotlf  Bpe&kiDg,  neocaBiiry  for  F\ 
lieoaiue  we  maj  apply  \ht  formula  5  d, 

XXIV. — Mertew  ofthepoaUion  of  the  ettrdinal  poinU  in  the  eye. 

We  ore  now  enabled  to  combine  in  a  table  the  paaitLons  of  the  car- 
dinal points,  first  separatelj  of  the  two  component  Byatems  of  the  eje, 
ijiBtem  A^  the  (^raea,  system  S^  the  lens ;  and  subsequently  of  the  com* 
pound  system  C,  the  eye  itself.  We  have  prefixed  the  computed  position  and 
oorfature  of  the  refracting  surfaces,  and  represented  the  values  found,  in 
their  true  magnitude  for  each  system  in  a  diagram  (Fig.  43).  Above  system  D 
is  placed  a  scheme  of  the  form  of  the  lens  and  of  the  position  of  the  cardinal 
points  in  the  eye  accommodated  for  near  objects.  The  line  C  C  represents 
the  position  of  the  Cftroea ;  N  X  that  of  the  retina.  The  lengths  are  given 
in  millimetres,  and  the  position  is  caloulated  from  the  anterior  surface  of 

103 
the  oomea.    The  refractive  coefficients  are  assumed  as  ^^-  for  the  aqueous 

16  ** 

and  Titreoas  humonra,  and  .-.  for  the  oryatallino  lens. 

We  have  placed  the  values  which  obtain  in  accommodation  for  near  objects, 
next  those  for  the  eye  in  a  state  of  rest : 


Accomu^dii- 

tfoiilkir 

tion  for  Near 

mvtiBoe. 

OUecto. 

Badjoji  of  euTvatnre  of  the  cornea . 

e 

8 

Radius  of  curvature  of  the  anttsrior  isurtace  of  the  lens 

10 

6 

Radius  of  curvature  of  the  posterior  surface  of  the  lens 
Position  of  the  anterior  surface  of  the  lens    .... 

6 

5-5 

3'6 

3-2 

Position  of  the  posterior  surface  of  the  lens  .... 

7-2 

7-2 

diagram,  are  the  following : — 

Anterior  focal  distanoe  of  the  cornea 

23-692 

23-692 

Posterior  fooal  distance  of  the  cornea 

31 '692 

31-692     ' 

Focal  distance  of  the  lens 

43707 

33-785 

Distance  of  the  anterior  prindpal  point  of  the  lens 

Grom  its  anterior  surface ,     ,     .     . 

21037 

1*9745 

Diatanoe  of  the  posterior  principal  point  of  the  lens 

from  its  posterior  surface 

Bistancu  of  the  two  principal  points  of  the  lens  from 

1-2644 

1-8100 

tiaoh  other 

0^2283 

0-2155 

Bijteior  focal  distiLUCd  of  the  oje  .          >          ,     .     , 

19-875 

177o6 

HHpor  focal  distance  of  the  eye 

1JI-87.J 

13-274 

rlmee  of  the  anterior  focus     *    . 

12-918 

11-241 

Place  of  the  first  principal  point 

1-9403 

2-O330 

Place  of  the  second  principal  [joint  .     ,                    .     , 
Place  of  the  first  nodal  point ...... 

2'myJ 

2-4919 

6-957 

6-ol5 

Place  of  the  second  nodal  paint  ...                        . 

7*373 

6974     ' 

Pkoe  of  the  posterior  focus    .... 

1  22-231 

20  2^18 
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Henoe  it  appears,  that  A'  ^'  =  A^  ^',  Id  **=  A'  A',  k  f  =  A*  ^',  and  F*  n" 
=  JF"  n' ;  that  is,  103  -F'  =  77  -F'  (compare  XVII.  and  XVIII.). 

XXV. —  Vw  to  he  made  of  the  knowledge  of  the  cardifuU  points. 

After  we  have  learned  the  cardinal  points  in  the  eye,  it  remains  to  show 
what  nse  is  to  be  made  thereof,  in  order  to  find  by  construction  the  course 
of  each  ray,  and  the  situaiion  and  size  of  the  dioptric  images. 

For  the  sake  of  clearness,  we  take,  in  the  following  figures,  all  measure- 
ments at  double  the  size  of  those  in  the  eye,  and  the  mutual  distance  of 
the  two  nodal  and  of  the  two  principal  points  as  somewhat  greater  than  it 
really  is.  The  line  C  C  represents  the  anterior  surface  of  the  oomea,  V  V 
the  anterior  surface  of  the  vitreous  humour. 

Let  us  briefly  recapitulate  (compare  Fig.  44) :  1.  That  every  ray,  for 

Fig.  44. 


example  a  b,  which  in  the  first  medium  {n'  is  directed  to  k',  in  the  last 
medium  (n"  is  parallel  to  its  primitive  direction,  but  is  directed  to  A*.  2. 
That  every  ray,  for  example  c  ef ,  in  (n"  is  directed  to  a  point  (<f )  of  the  sur- 
face A'  <r,  removed  as  far  from  the  axis  A  A'  as  the  point  (&)  of  the  surface  A' 
ify  to  which  it,  as  h'  c%  was  directed  in  the  first  medium :  that  is,  c  if  is  parallel 
to  the  axis.  3.  That  all  rays  which  are  parallel  in  (n^  for  example  a  h  and  a  h\ 
unite  in  one  point  in  the  second  focal  surface  0'e  (and  indeed  in  the  axis  in 
the  point  0',  when  they  are  parallel  to  the  axis).  4.  That  all  rays,  parallel 
in  (ra",  unite  in  one  point  in  the  anterior  focal  surface  ^'a,  and  if  they  are 
parallel  to  the  axis,  as  «  <^  c*,  in  the  point  ip'. 

By  the  application  of  these  rules  we  can  of  each  given  ray  in  (n'j  ascertain 
its  course  in  {n'".  What  deviations  it  undergoes  at  the  several  refracting 
surfaces,  we  do  not  in  this  mode  trace.  The  lines,  therefore,  represent  only 
the  course  of  rays,  so  long  as  they  are  in  the  air  (w',  or  in  the  vitreous 
humour  {n".  To  denote  this  they  are  dotted  between  the  cornea  and  the 
vitreous  humour,  where  the  ray  leaves  the  course  of  the  line. 
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Now  lot  a  ray,  a  6  (Fig.  45)  in  (n',  be  given ;  it  is  desired  to  ascertain 

Fig.  46. 


Fig.  45. 


>^ 


^.^ 


its  oonme  in  (nf\  This  object  can  be  obtained  in  two  modes.  First,  let  the 
nj  be  produced  to  the  first  principal  surface,  which  it  cuts  in  c ;  the  ray  will 
thus  in  (n'"  be  directed  to  the  point  of  the  second  principal  surface,  corre- 
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sponding  to  c,  that  bitod  (rule  3).  Let  the  ray  now  cut  the  anterior  fooal  sur- 
face in  b.  All  rays,  proceeding  from  6,  are  parallel  in  (n"  (compare  4)  ;  the 
direction  of  one  of  these  rays,  hJI^,  ib  known,  for  it  continues  as  A'  c  parallel 
to  its  primitive  direction  ;  hut  we  thus  need  only,  proceediug  firom  d,  to  draw 
a  line  parallel  to  b!^  or  k'  c:  to  Und  the  direction  of  the  line  d  e,  which  the 
ray  follows  in  (nf. — We  may  equally  make  use  of  rules  I  and  3  to  &nr\  the 
course.  AH  rays  parallel  to  ab  unite  in  the  posterior  focal  surface  ^'  into 
one  point  Of  one  of  these  rays  a'  b'  k  we  know  the  direction,  which, 
namely,  continues  as  A^  e'  parallel  to  b'  k.  Where  this  ray  cuts  the  focal 
surface  ^',  the  ray  a  b  must  also  cut  the  focal  surface,  and  the  line  d  e 
drawn  frcpi  d  therefore  gives  the  direction  of  the  ray  a  6  in  (n". 

Let  a  point  T  (Fig.  46)  he  given :  it  is  desired  to  ascertain  its  image/. 
For  this  purpose  it  is  necessary  only  to  determine  the  course  in  (n"  of  two 
rays  proceeding  from  T,  and  to  see  where  they  cut  one  another.  The  ray  t  A^ 
passes  as  ^'  6  through  the  vitreous  humour  (compare  1),  the  ray  t^  a,  paraUel 
to  the  axis,  cuts  the  axis  in  the  posterior  focal  surface  at  ^'  and  intersects 
k^  biaf.  In/,  therefore,  the  image  of  T  should  lie,  if  the  vitreous  hnmoitr 
extends  so  far :  its  virtual  image  lies  there. 

XXVI. — Calculation  of  the  position  and  magnitude  of  the  dioptric  images 

of  the  eye. 

From  the  foregoing  constructions  it  appears,  that  the  cardinal  points  of 
a  compound  system  heing  known,  the  position  and  magnitude  of  the 
dioptric  imrges  of  the  eye  are  to  he  calculated  according  to  the  same  for- 
mula, as  in  the  case  of  a  simple  refracting  surface. 

A'  0'  =  k'  /  (Fig.  47)  is  the  anterior  focal  distance  F'  =  (?*, 
h'  ^'=  k  0'  is  the  posterior  principal  focal  distance  F'  =  Gf. 

Fig.  47. 


-i£l 


AT ^ 


Let  t  now  he  a  point  of  light,  ^  its  image^  then 

h'i=f  4 

k'i  =  ^ 

According  to  the  formula  (3  d  or  b)  we  can  now  calculate  the  position 
of/  ii  f  OT  ^  ho  given,  and  vice  versd  (according  to  the  formula  3  a  and 
3  c)  the  position  of  i,  if/'  or  ^  he  known. 

Of  this  formula  we  shall  here  make  use,  in  order  to  calculate  at  what 
distance  ^  (reckoned  from  A;),  the  diagrammatic  eye,  accommodated  for  near 
objects,  sees  accurately. 
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III  this  eye  (oompare  XXIV.)  ^'  lies  20-248  —  6-974  ^  13*274  mm.  be- 
hind JiT.  Consequently  G'  =  13-274.  The  retina  lies  22'231  —  t^y74  = 
la*2o7  mm.  behind  /e*.    Hence/  =  15-257,  fw  s=  (jijIu  +  11-241  ==  17*756 

Now  wc  Hod  g*  =  ^  — "C^v^  U3iv6  mm.  =  o^iUI  Paridao  inohea.    This  is 
g'—  tr' 

ibe  nearest  point  of  distinot  yision ;  the  farthest  (diagrammatio  eye,  &ooom- 
uiodaied  for  distance)  Hea  &t  an  infinite  distance.  Ttiia  ran^'c  of  accommo- 
datioa  of  1 :  5D47  corresponds  to  that  of  ihc  age  of  about  20  yeai*8. 

In  the  eye  the  two  nodal  points  lie  ko  close  to  one  another,  and  in 
ordinary  riaion  tf  is  bo  mucb  larger  than  /,  that,  just  as  in  a  single  refract- 
ing surface*  we  may  draw  the  lines  of  direction  of  the  object  immediately 
through  the  posterior  nodal  pointp  without  taking  the  anterior  into  oon- 
sideration.  The  magnitudes  of  objeot  and  image  are  therefore  propor- 
tional to  their  distances  from  the  posterior  nodal  point  k'.  In  the  diagram- 
matie  eye  the  last  distauoe  amounts  to  14*858  mm.  Now  if  the  object  lies 
14*B.S1  metres  from  the  eye,  the  imago  is  a  thousand  times  smaller  than 
the  object. 

XXV  n — Comparison  of  M  and  Pf  deduced  from  measurcmefUs  on  the  e^ 
and  optottnttrically  determined. 

In  XXVI,  we  caloulatt^d  the  farthest  and  neai-eat  points  of  distinct  vision  of 
the  dia^^mmatio  eye.  Now  Dr.  Knapp  has  in  four  eyes,  from  the  radii  of  cur- 
vature and  the  position  of  the  refracting  surfaces,  together  with  the  two  limits 
of  ftucommodntion,  calculated  the  position  of  the  cartliaal  poiats,  and  thenoftj 
deduced  tlie  nt^areat  and  turthest  points  of  distinct  vibiun  with  the  range  ol 
^^•ocommudalion-  Now  it  was  extremely  important  to  »tju  how  far  these 
"Vesulta  of  measurement  and  calculation  agreed  with  those  of  tlic  simple 
optometrical  investigation  in  the  same  persons.  The  result  is^  that  in  three 
of  the  four  persons  the  agreement  is  as  great  as  could  bo  expected  iu  the 
difficolt  and  complicated  mode  of  determining  the  surfaces  of  curvature. 
There  waa  found  (compare  ^rcAiV/*  OphUiuimaloffie,  Bd.  VIII.  2.  138) : 


I.                    1:6-207 

11.                   1:1-227 

m.                     1;3  8H3 

IV.            I  ami 

1:3  953 
1:4064 
1:4*248 
l:3'214 

If  it  w&tG  necessary,  we  might  in  this  agreement  find  a  fresh  argument 
in  favour  of  the  view,  that  the  ocoammodation  dependi  oxeluaively  upon 
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an  alteration  of  the  system  of  the  crystalline  lens.  If  no  further  argu- 
ments are  necessary  to  this  end,  this  agreement  establishes  the  correctness 
of  Dr.  Enapp's  measurements. 


SECOND  PART. 
Range  of  Accommodation. 

XXVIII, — Foundation  and  definition  of  the  range  of  accommodation. 

The  measure  of  the  range  of  accommodation  must  be  connected  with  the 
change  which  takes  place  in  accommodation  in  the  eye.  If  the  power  of 
accommodation  depended,  as  was  formerly  supposed,  on  a  prolongation  of 
the  axis  of  vision,  the  numerical  expression  of  the  range  of  accommodation 
should  be  sought  in  the  amount  of  this  prolongation.  The  alteration  which 
takes  place  in  the  eye  in  accommodation  is,  however,  of  a  wholly  different 
nature,  and  is  confined,  as  we  have  seen,  to  the  system  of  the  crystalline 
lens :  the  anterior  surface  increases  considerably  in  convexity,  and  at  the 
same  time  advances  more  forward,  the  posterior  surface  becomes  a  little 
more  convex,  without  going  backward,  and  with  these  complicated  modifica- 
tions the  position  of  the  cardinal  points  of  the  lens,  and,  at  the  same  time, 
that  of  the  cardinal  points  of  the  whole  eye,  is  altered.  The  chief  point,  there- 
fore, which  presents  itself  is:  the  shortening  of  the  focal  distance  of  the  lens; 
that  is,  as  if  the  crystalline  received  the  addition  of  a  positive  lens.  Now 
from  the  focal  distance  A,  of  such  an  auxiliary  lens,  is  the  range  of  accom- 
modation to  be  determined,  and  as  the  power  of  a  lens  is  inversely  propor- 
tional to  its  focal  distance,  the  numerical  expression  of  the  range  of  accom- 
modation becomes  \  :  A.  We  can  by  investigation  determine  the  distance 
B,  of  the  farthest  point  r,  and  the  distance  P  of  the  nearest  point  /?,  both 

reckoned  to  the  eye.     From  these  distances       must  be  deduced,  and  if  the 

position  and  radius  of  curvature  of  all  refracting  surfaces  of  the  eye,  in 
accommodation  for  r  and  forjp  are  not  known,  we  have  no  other  data.  Now 

we  have  assumed    „  —  ^  =     . .     Rays,  namely,  proceeding  from  the 

nearest  point  of  distinct  vision,  shall  appear  to  proceed  from  the  far- 
thest point,  when  (P  and  R  being  reckoned  to  the  cornea)  they  are  re^ 
fracted  by  a  lens  /  with  focal  distance  A  (compare  formula,  p.  28).  Thus,  if 
such  a  lens  be  placed  immediately  before  the  cornea,  it  represents  the  range 
of  accommodation  so  far,  that  without  the  lens  the  rays  proceeding  from  r, 
with  the  lens,  those  proceeding  from  jd,  come  to  a  point  upon  the  retina.  But 

by  this  the  expression  p  —  R  ^^  a  ^  ^^*  yet  justified.  The  lens,  namely, 
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which  is  addend  to  the  ej^e  in  accommodation  for  /»,  lies  in  and  not  hefiwe 
the  eyp,  and  it  thus  produces  other  modificationa  in  the  position  of  tho 
CArdiaal  points  than  aocommodation  for  near  objects.  Moreover,  with  the 
diflercnoe  of  position  a  difference  of  focal  distance  of  the  auxiliary  lens 

wiU  be  oombinedf  and  oonseqaeutly  -j  ^  ^  —  ^  is  by  do  meana  the 

lens,  which  the  orjstalline  of  the  eye  adds  to  itself  in  acoommodatioii  for  j». 
The  queflttgn  therefore  is^  whether  we  may  consider  this  formnia  as  the 
numerical  expression  of  tho  range  of  acoommodation. 

Evidently  we  here  deal  only  with  proportional  magnitudes*  The  formula 
mast  scrre  ns,  to  compare  reciprooaUy  the  different  values  of  the  range  of 
nooommodation  under  ynrions  ciroumstances.  Now  if  the  alt^^ration  of  the 
orystaUine  lens,  although  not  altogether  equals  be  at  leaat  suiEciently  pro- 
portional to  -s  ^  P  ~  ~R'  *^  fonnnla  fulfils  all  requiretnent«  and  re- 

pieaentt  abo  the  changes  in  the  ejre.  It  ahaU  be  shown  that  this  is  actually 
tiiB  case. 


]CXrX, — Dei4*mtmatum  of  the  range  of  accommodation  hfj  the  focal  dist^tnce 
of  a  lefutt  ^iih  its  ruulal  point  situated  in  one  of  the  nodal  points  of  the 
eye. 

In  XX\ri.  the  distance  ^  from  the  first  nodal  point  to  the  object,  for 
which  the  eyes  were  accommodated,  was  calculated  from  the  position  of 
the  retina  and  of  the  cardinal  points  in  given  eyes.  Vice  vernf'i^  we  may 
from  g"  and  tf  dedace  the  position  of  the  cardinal  points  of  the  system. 
We  start  from  the  formula  (3  h)* 

,  4-  - ,  =  1 ,  and  since, 

if  -  =  », 

n 

weliftve 


Cn  = 


/«  +  / 


ESSiring  (^  and  /,  it  now  immediately  follows,  what  lens  the  eye  has 
added  to  itself,  to  be  accommodated  to  the  distance  */.  In  this  we  suppose 
that  the  nodal  points  of  the  eye  have  continued  unaltered,  which,  as  is 
evident  from  what  has  been  above  advanced,  is  the  case,  when  the  infinitely 
thin  auxiliary  lens  stands  in  the  vitreous  humour  and  its  nodal  point 
ootnoidea  with  the  posterior  nodal  point  of  the  eye,  or  stands  in  the  air. 
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its  nodal  point  ooinoiding  with  the  anterior  nodal  point  of  the  eye.  We 
start  from  a  system  represented  in  Fig.  48,  system  A^  whose  posterior 
focos  =  ^'  lies  in  the  retina  N  N.  In  this  system  the  fooi  change,  and  in- 
deed so  (compare  system  B)  that  the  image  j  of  the  point  t  now  comes  to 
lie  in  iViV,  where,  in  system  A  the  focus  ^^  lay.  The  question  therefore  is, 
what  is  the  focal  distance  L"  of  the  auxiliary  lens  in  the  yitreons  humour 
which  should  remove  the  posterior  focus  from  j  to  ^'',  Evidently  this  lens 
must  make  the  rays,  which,  arrived  at  k'  converge  toj,  converge  to  f" 

Now  A"  <  =  6?^^,  hTj  =  /'.  Consequently  ^_  -  i  =  ^^  Therefore  the 
auxiliary  lens  which  changes  system  A  into  system  B  is  -=^, 

The  question  is,  further,  in  what  relation  does  -^  —  ^  stand  to  g 

(=  k  t).    As  we  have  seen 

1     .    I   _    1 
i 
Consequently, 


/" 

"■r 

-(?^ 

n 

1 

n 

1 

/ 

+^= 

'  G' 

1 

1 

n 

Hence  it  appears  that  -^  =  ** "  Consequently,  to  bring  an  eye  which  is 
accommodated  for  infinite  distance,  to  the  distance  ^,  an  auxiliary  lens  of 
X'  =  ^  focal  distance  is  required.    If  i2  be  not  infinite,  we  may  suppose 

that  an  auxiliary  lens  ^  was  already  present,  and  that  in  accommodation 

for  the  nearest  point  an  auxiliary  lens  of  ^  is  required,  in  which  case  the 

difference  between  these  two  auxiliary  lenses  ^  —  -^  expresses  the  range  of 

accommodation.     We  thus  obtain,  as  a  general  formula, 
\  _n       n  J. 

L'^P      R ' 

and  if  iZ  =  oo 

1  _  « 
U^  P' 
The  formula  B,  in  agreement  with  our  formula,  makes  the  range  of  ac- 
commodation dependent  on  the  factor-^  —  -      But  we   have  assumed 

1  _1       1         ,^    , 
j^  —  p      jbi  a^id  find 

oonsequently 
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The  fooftl  distanoe  of  the  lens  required,  plaoed  in  the  vitnrous  humour,  is 
therefore  n  times  shoirta:  than  waa  assumed  iu  tho  formula  for  the  range  of 
aeoommodatioxi . 

We  may,  howeTer,  obo  suppose  the  auxiliary  lenB  to  be  situated  iu  ain 
and  its  nodal  point  to  coincide  with  k'  of  the  eye.  It  is  indeed  true  that 
there  is  no  air  in  k' ;  but  a  system  might  be  constructed,  whose  eardinal 
points  should  have  the  same  position  as  those  of  the  eye,  and  wherein  air 
should  really  be  present  in  k'.  Moreover,  there  are  lenses  (although  twt  in- 
finitely thin}  whoee  nodal  points  lie  without  the  mass  of  the  gla&s,  and  of 
such  we  therefore  may  suppose,  although  they  are  placed  before  the  eye, 
that  the  nodal  point  coincides  with  the  anterior  nodal  point  of  the  eye. 
But  apart  from  thi^,  we  may  imofjino  the  eye  away,  and  the  auxiliary  lens 
plaoed  in  air,  its  nodal  point  coinciding  with  k\  Kefracted  by  this  lens, 
the  rays  are  altered  as  to  their  direction.  We  may  now  suppose  tho  direc- 
tion to  be  prolonged  backwards,  and  that  the  rays  already  had  this  direction 
when  they  fell  upon  the  oornea.  If,  therefore,  R  be  the  distance  from  the 
farthest  point  to  k\  P  that  of  the  nearest  point  to  k",  L'  tho  ro«iuired  focal 
distance,  then 

JL— 1  —  1— J 

The  focal  distance  of  the  lens  may  therefore  be  n  times  greater,  when  in 
air,  than  when  it  is  present  in  the  vitreous  huiuour.  The  oorrcotncsH  of  this 
is  easily  seen.  In  order  to  make  the  focal  diBtancea  of  the  eye  aceomrao- 
dated  to  the  farthest  and  nearest  points  equal,  the  auxiliary  lene,  staDiiinj^ 
in  air,  must  diaploce  the  focus  of  parallel  rays  coming  from  behind  from  tf 

to  &v  it  must  be  —  =  :t^—  — -^-j- 
L        G        *J       A 


If  it  be  in  the  vitreous  humour,  it  must  displace  the  focus  of  rays  ooiaing 
from  before  from  if  to  0\     It  must  therefore  be 

1  1  1^_'*  1  ^* 

^      ^~  O'      tf  ^A 


XXX. — Camparman  of  the  obtained  formula  ~  ts —  with  i/te  rciulU 

PA        P        H  _^ 

of  o^ttrvatum. 

In  the  foregoing  consideration  (XXIX.)  it  was  assumed  that,  in  acoom- 
modaticm  of  the  eye  for  p^  while  the  focal  distonoes  become  shorter,  the  nodal 
pcdxiti  maintiin  their  place  unaltered.  System  A  (Fig.  49)  should  be 
ehaaged  into  system  B,  In  both  systems  k"  ^'  must  be  =  n  A^  ^',  that  is, 
CT*  =  M  G*'.  In  this  is  included  that  the  prinoipol  points  h*  h"  likewise 
ohAiigQ  their  position.  In  fact  h*  ^*  must  be  ^  ^^  ^'  and  h'  f'  ^  k^  ^'.  If 
WB  eaU  ij  the  approximation  of  ^"  to  k^,  that  of  ^'  to  h'  will  be  =  «  0*.  ^ow 
is  «rd^  that  ^'  h'  =  o'  A',  h'  muiit  reoede,  and  the  amount  of  this  recession 
==  PI  1/ —  ij  or  ij  (ji  —  I)  is  pretty  considerable. 

Henoe  it  appears,  that  the  change  produced  by  placing  an  auxiliary 
\mm  with  Hs  nodal  point  in  the  nodal  point  of  the  tye,  differs  not  in- 
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oonsiderably  from  the  change  in  accommodation  for  near  objects.      Yet 
in  this  the  principal  points  are  scarcely  displaced  backward,  the  nodal 


Fig.  48. 


Fig.  50. 
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points,  on  the  oontrary,  adTanoe  pretty  oonsiderably,  and  the  anterior  focus 
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nt  the  same  tune  acquires  a  different  position  (compare  syatenia  C  and  D  of 
Tig.  43). 

It  therefore  appears  douhtfol  whether  the  change  in  focal  diatanoe  which 
the  crystallme  lens  undergoes  in  aooommodatioa  is  nearly  proportional  to 
the  focal  distance  of  the  supposed  auiiliary  lens,  that  is  to  the  value  of 

A  in  the  formula  _  ^  —  —  --      This  we  must  therefore  inTeatigato.     We 

employ  for  this  purpose  the  diagrammatio  eye  assumed  by  Helmholtz,  and 
the  rf  suits  of  the  measurements  obtained,  by  Knapp  in  four  eyes. 
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It  appears  that  the  value    -_  ;  _ ,  it  is  true»  is  no  fixed  coeSicientf  that 

oon^quently  no  perfect  proportion  exists  between  the  calculated  auxiliary 
lens^  corresponding  to  our  formula  of  the  range  of  accommotiatioii^  and  the 
actual  alteration  of  the  orystaUine  lens,  but  that  neTertheless  we  come 
aufficiently  near  the  truth  in  assuming  that  the  crystalline  kna  in  accom- 
modation haa  received  the  addition  of  a  lenSf  having 


of  the  power  of 


the  focal  dtst&noe  of  which  consequently  amouuts  to 


10 


A' 

This  result  is 


not  without  importance. 


The  formula  j^  ^  1  =  ^ 


thus  beoomea  more  than 


a  mathematioal  fiction,  it  aoquires  a  physiological  si^^m initiation, 

\  37.  If  we  observe  that  the  uhaoge  in  the  lenticular  syatetu  consists 
almost  exclusively  in  tbe  application  of  a  positive  memscus  to  the  anterior 
surface  of  the  crj-stalline  lens,  we  readily  arrive  at  the  cuucluaion  that  an 
auxiliary  lens,  placed  before  the  crystalliuei  should  alter  the  cardinal  points 
of  the  eye  in  such  a  manner  as  actually  takes  place  in  aooommodtition,  and 
should  therefore  most  accurately  express  the  rang^c  of  accommodation.  This 
last  we  can  easily  test.  Let,  namely  (Fig.  iiO),  ^"  be  the  posterior  focus 
of  the  oomea  €  C  for  rays  proceeding  from  the  lai  thtst  point ;  p  for  rays, 
pitfCeeding  from  the  nearest  point,  thtiu  the  auxiliary  lens  /  must  make 
the  f«y«  converging  to  p  converge  to  f',  before  they  reach  the  crystalline 
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lens.    If  (f  be  the  distance  from  the  principal  point  h  of  the  aoziliary  lens  of 

1 


the  cornea,  h  ^' ^  F%  hp^f  then  J  =  ^- A_  - yziTd. 

For  d  let  ns  put  two  millimetres.  It  is  true,  the  anterior  surface  of  the 
crystalline  lens  lies  farther  removed  from  the  cornea;  but  the  auxiliary 
lens  /,  which  in  a  certain  sense  places  itself  before  the  crystalline,  has  the 
form  of  a  positive  meniscus,  whose  principal  points  are  situated  in  firont  of  the 
convex  surface,  and  the  infinitely  thin  lens,  which  is  supposed  to  contain  the 
meniscus,  must,  in  order  to  have  such  an  action,  stand  in  its  second  principal 
point  Now,  in  the  diagrammatic  eye,  the  radius  of  the  cornea  =  8  mm., 
the  focal  distances  of  the  cornea  JF*  =  23-692  and  F'  =e  31-692  mm. ;  p  lies,  in 
accommodation  for  near  objects,  as  we  have  seen,  136*6  mm.  from  the  nodal 
point,  therefore  136-6  —  6-5  =  130-1  mm.  (=/')  from  the  cornea. 

The  focus  J?',  of  rays  proceeding  from  j9  consequently  lies  at 


/'  = 


31  692  X  1301 


=  38-75. 


1301  —  23-692 

The  rays  proceeding  from  the  farthest  point  r  converge  in  ^  at  31*692 ; 
those  proceeding  from  the  nearest  point  />  in  ^  at  38*75  behind  the  cornea. 
At  2  mm.  behind  the  cornea,  therefore  the  distance  of  the  points  of  con- 
vergence amounts  to  29-692  and  36*75  mm.    To  direct  rays  converging  at 

29-692  y  36*75 
36-75  to  29*692,  an  auxiliary  lens  of 7.058 ~  '^^  ™™'  ^  necessary. 

We  may  make  the  same  calculation  for  all  the  four  eyes  measured  by 
Enapp.  In  doing  so,  we  should  come  nearest  the  truth,  by  taking  into  ac- 
count, in  each  particular  case,  the  found  radius  of  the  cornea  and  the  depth 
of  position  of  the  crystalline  lens.  But  if  we  start  also  from  fixed  focal 
distances  of  the  cornea,  the  anterior  surface  of  the  lens  being  situated  at 
2  mm.  from  the  cornea,  the  auxiliary  lens  found  by  calculation  comes  really 
very  near  the  alteration  of  the  crystalline.  This  appears  from  the  following 
numbers : 
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1 
-F^ 

-i-^- 

ro»terlor 
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148-8 

31-692 

130-1 
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Eye 

\\  thus  appears,  that  an  infinitely  thin  auxiliary  lens,  placed  2  mm.  be- 
hind the  cornea,  in  the  four  eyes  measured  by  Knapp,  almost  exactly  corre- 
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i9e-6 ) 

172-9 

183-9 

/    118-3 

12l'9 

mto 

107-8 

113-5 

100-6 

155      I 

\  136-3 

9ponda»  to  the  ftlteration  of  rerr&otioii  of  the  lens.  If  it  were  now  desired  to 
express  by  auoh  a  lens  the  range  of  accommodation,  a  Uble  may  easily  be 
prepared  of  the  value  of  y"  for  the  different  opto me tri call y- found  values  of 
p.  But  in  fact  it  must  lie  colled  an  accident,  that  in  the  assumption  of  a 
position  of  the  auxiliary  lens,  unaltered  at  2  mm.  behind  the  oomea,  so 
much  agreement  is  found.  The  position  has,  in  fact,  a  very  great  influence. 
If,  for  example,  the  auxiliary  lens  lies  at  4,  instead  of  at  2  mm.  behind  the 
cornea,  the  nurabere  change — 

^V  Therefore  it  is  not  strange  that  the  diagrammatic  eye  does  not  answer 
when  d  is  assumed  ^  2  mm.  In  this  ease  d  should  amount  to  about  2%.  In 
the  seoond  eye,  also  measured  by  Knapp,  some  deviation  appears.  In  both 
instances  this  is  to  be  ascribed  principally  to  tbe  faot»  that  the  anterior 
aoxfaoe  of  the  crystalline  lens  lies  more  deeply,  aud  thus  the  distance  of 
2  mm.  for  the  auxiliary  lens  is  not  quite  sufficient. 

Hence  it  appears,  that  if  it  were  desired  from  r  and  p  to  calculate  the 
auxiliary  lens  at  the  crystalline,  we  must  likewise  determine  the  place  of 
the  anterior  surface  of  the  crystalline,  and  this  involves  a  difheulty  of  time 
and  means,  without  leadimg  to  more  accurate  knowledge  than  ia  attainable 

by  the  application  of  the  simple  formula  .  ^p  —  j/     We  keep  therefore 

to  this  formula,  which  for  the  determination  of  the  range  of  aceommoiltttion 
supposes  only  the  optometrical  determination  of  p  and  r  (calculated  to  the 
nodal  point  at  about  7  mm.  behind  the  cornea),  and  thus  recommends  itself 
for  practical  utility.     If  we  wish  to  know  what  auxiliary  lens  has  been 

applied  to  the  crystalline,  we  multiply  the  result  obtained  -^  by  the  coeffi- 
cient 0*9.    We  thus  come  certainly  very  near  the  truth.     The  influence  of 
anetropi&f  and  of  the  use  of  spectacles  and  eye-glasses  on  the  range  of  ac- 
ifttion,  shall  hereafter  be  examined. 
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CHAPTER  II. 

DEFECTS  OF  REFRACTION  AND  ACCOMMODATION  IN 
GENERAL. 

§  6. — Distinction  between  defects  op  refraction  and  of 
accommodation. 

Hitherto  the  defects  of  refraction  and  of  accommodation  have 
been  more  or  less  mixed  up  one  with  another.  This  confusion  was 
an  impediment  to  the  clearness  of  description,  which  in  this  depart- 
ment particularly,  is  absolutely  necessary  to  the  correct  appreciation 
of  the  subject.  The  ideas  of  refraction  and  of  accommodation  must 
therefore  in  the  first  instance  be  accurately  distinguished  from  one 
another.  It  will  then  not  be  difficult  subsequently  to  recal  the  con- 
nexion, so  far  as  may  be  necessary,  between  the  two. 

By  refraction  of  the  et/e,  we  understand  its  refraction  in  the  state 
of  rest ;  that  is,  the  refraction  which  the  eye  possesses  in  virtue  of  its 
form  and  of  that  of  its  component  parts,  independently  of  muscular 
action,  independently  of  accommodation.  The  term,  therefore,  applies 
to  the  refraction  of  the  eye  whose  muscles  of  acconunodation  are 
inactive  or  paralysed  (for  example  under  the  influence  of  atropia),  to 
the  refraction  also  of  the  dead,  but  as  yet  otherwise  unaltered  eye. 

To  begin  with  refraction,  in  the  condition  of  relaxation  proper,  the 
eye  possesses  a  power  of  accommodation.  The  farthest  point  of  dis- 
tinct vision,  therefore,  corresponds  to  the  state  of  rest  of  accommoda- 
tion. Now,  so  soon  as  the  action  of  accommodation  occurs,  the  eye 
becomes  adjusted  to  an  adjoining  point,  and  it  is  by  diminution  of 
this  active  operation  that  it  is  subsequently  capable  of  seeing  a  more 
remote  point.  Hence,  accommodation  for  an  adjoining  object  alone 
is  an  active  operation  (compare  §3).  The  stronger  this  action  is, 
the  nearer  is  the  accurately  seen  point.  Accommodatioji  w,  therefore, 
the  voluntary  action  whereby  the  eye  becomes  adjusted  to  a  nearer 
point  than  is  the  case  in  the  state  of  rest  of  accommodation. 

Hence  it  appears,  that  refiuction  is  dependent  on  the  anatomical 


DEFINITION  OF  TERMS. 


81 


edition  of  the  component  parts  of  tlie  eye ;  accommodatioii,  on  the 
contrary,  depends  upon  the  physiological  action  of  nmsclcs. 

With  regard  to  refniction,  we  call  the  structure  of  the  eye  normal, 
when,  in  the  state  of  rcjstj  it  brings  the  rays  derived  from  infinitely 
distant  objects  to  a  fociL?  exactly  on  the  anterior  surface  of  the  layer 
of  rods  and  bulbs  ;  in  other  words,  when  parayd  incident  rays  unite 
on  that  layer  (in  ^'  Fig*  51),  The  farthest  point  of  such  an  eye  lies  at 

Fiff.  51. 


^^k- 


inlSnite  distance.  If  convergent  rays  are  also  capable  of  being 
brought  to  a  focus,  the.  eye  posses^ics  something  which  it  does  not 
need :  for  from  all  objects  proceed  divergent  or  at  most  parallel  rays. 
If  on  tlie  contmrj*,  the  farthest  point  lies  not  at  an  intlnite,  but  at  a 
finite  distance,  mion  is  indistinct  throughout  a  great  part  of  the 
space.  Consequently  the  r^racflon  of  the  media  of  the  eye  at  rest 
cmn  be  called  normal  in  reference!  to  the  situation  of  the  retina,  only 
when  parallel  incident  rays  unite  on  the  layer  of  rods  and  bulbs. 
Then,  in  fact,  the  limit  Hes  precisely  at  the  measure;  then  there  exists 
emraetropia  (frf>m  wfi^trpof,  modara  tenens,  and  «^,  oculus).  Such 
an  eve  we  term  emmetropic. 

This  name  expresses  perfectly  what  we  mean.  The  eye  cannot  be 
called  a  normal  eye,  for  it  may  verj^  easily  be  abnormal  or  morbid, 
and  nevertheless  it  may  be  emmetropic.  Neither  is  the  expression 
normiity  comtruci^d  eye  quite  correct,  for  the  structure  of  an  emme- 
tropic eye  may  in  many  respects  be  abnormal,  and  emmetropia 
may  exist  with  difference  of  structure.  Hence  the  word  emmeiro/na 
appears  alone  to  express  with  precision  and  accuracy  the  condition 
alluded  to. 

Emmotropia  then  is  met  with,  when  the  principal  focus  of  the 
m^'dia  of  the  eye  at  rest  fulls  on  the  anterior  surface  of  the  most  ex- 
ternal layer  of  the  retina  (compare  Fig.  51),  This  is  the 
amplest  definition* 

The  eye  may  deviate  from  the  eraraetropic  condition  in  two  re- 
tcped«:  the  princii>al  focus  ^'  of  the  eye  at  rest  raav  fall  in  front  of 
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(Fig.  52)  or  behind  (Fig.  53)  the  most  external  layer  of  the  reti 

Fig.  52. 


In  the  former  case  divergent  (dotted  in  Fig.  52),  in  the  latter  con 
vergent  rays  (dotted  in  Fig.  53)  come  to  a  focus  on  the  retina.  Inth 
first  case,  therefore,  in  the  condition  of  rest,  objects  are  accuratd] 
seen  which  are  situated  at  a  definite  finite  distance  (Fig.  h1i)\  in 
the  second  they  are  at  no  distance  accurately  seen,  for  the  rays  in 
falling  upon  the  cornea  must;,  in  order  to  unite  in  the  retina,  alreadj 
converge  towards  a  point  situated  behind  the  eye  (Fig.  53  i).  In  the 
first  case  the  farthest  limit  lies  toithin  the  normal  measure:  the 
measure  is  too  short,  and  the  condition  might,  therefore,  be  called 
hrachjfmetrojiia.  In  the  second  case,  the  boundary  lies  leyond  the 
measure,  and  I  have,  therefore,  called  this  state  hypermeiropia. 

Hence  it  is  perfectly  clear,  that  brachymetropia  and  hypermetropia 
are  two  opposite  conditions. 

The  definitions  are  now  extremely  simple  :  the  posterior  principal 
focus  /  of  the  media  of  the  eye  at  rest  falls : — 

in  EMMETROPIA  On  the  most  external  layer  of  the  retina ; 
in  BBACUYMETROPiA  in  front  of  „        „  j, 

in  HYPBEMETEOPIA  behind  „        „  „ 

In  order  to  express  that  the  eye  is  not  emmetropic,  we  may  us€ 
the  word  ametropia  (from  aficrpos,  extra  modum,  and  <5^,  oculus), 
Brachymetropia  and  hypermetropia  are  both,  therefore,  rcferrible  tc 
ametropia. 

Brachymetropia  is  evidently  nothing  else  than  myopia,  and  it 
appears  preferable  to  use  the  word  myopia,  as  being  an  established 
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The  word  brachymetropia  was  formed  only  in  contrast  to 
pennetropia,  to  which  expression  I  thought  it  right  to  adhere. 
Hence  it  is  evident  that  myopia  and  hypermetropia  are  opposite 
Qditions.  That  myopia  is  of  very  frequent  occurrence,  and  is  to  be 
nsidered  as  an  important  condition,  has  long  been  admitted.  Still 
ore  common,  however,  and  more  important  in  its  results  is  hyper- 
rtropia,  which  has  hitherto  been  for  the  most  part  either  over- 
aked,  or  confounded  with  other  states. 

I  repeat,  what,  in  consequence  of  its  importance,  I  have  already 
bt  prominently  forward,  that  myopia  and  hypermetropia  are  the 
yposite  condition  of  ametropia. 

From  the  definitions  given  of  anomalies  of  refraction,  it  has  been 
lown,  that  the  distance  E  of  the  farthest  point  of  distinct  vision 
( the  foundation  on  which  they  rest.  The  shortening  of  the  focal 
istance,  whereby  adjoining  points  become  accurately  visible,  is  the 
wk  of  the  muscles  of  accommodation.  Under  the  maximum  action 
f  these  muscles  the  eye  is  adapted  to  the  distance  P  of  its  nearest 
omt.     Now  we  found  as  a  numerical  expression  for  the  range  of 

Accommodation  ^-=  p  —  T^*  The  range  of  accommodation  di- 
minishes, as  shall  hereafter  be  more  particularly  pointed  out,  with 
advancing  years.  At  the  same  time  K  may  remain  almost  unaltered. 
Mid  P  thus  becomes  greater.  The  result  of  this  is,  that  in  the  emme- 
tropic eye  the  nearest  point  is  at  a  certain  period  of  life  removed  so 
Tar  from  the  eye,  that  more  minute  operations  can  no  longer  be  well 
performed  with  near  objects.  This  condition  of  the  eye  is  called 
Dreshyopia,  Presbyopia  therefore  exists,  when,  i7i  consequence  of  the 
increase  of  years,  with  diminution  of  the  range  of  accommodation,  the 
nearest  point  has  been  removed  too  far  from  the  eye. 

Formerly  writers  were  in  the  habit  of  contrasting  presbyopia  with 
ngiopia.  Apparently  this  was  quite  correct.  But  in  myopia  only 
nwu",  and  in  presbyopia  only  distant,  objects  can  be  distinctly  seen.  In 
myopia  they  found  ''the  mean  distance  of  distinct  vision'^  to  be 
situated  too  near  the  eye,  in  presbyopia  too  far  from  it.  Thus  they 
would  feel  obliged,  while  they  either  overlooked  hypermetropia,  or 
confounded  it  with  presbyopia,  to  place  myopia  and  presbyopia 
directly  against  one  another,  to  regard  them  as  deviations,  similar  in 
nature,  but  opposite  in  direction. 

On  closer  examination  it  appears,  however,  that  such  opposition  is 
illogical.     Tiie  fact  is,  that  both  in  an  anatomical  and  in  a  physio- 
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logical  point  of  view,  myopia  aud  presbyopia  belong  to  very  difTercnt 
cat^ories.  Myopia  is  based  upon  an  abnormal  construction  of  the 
eye ;  presbyopia  is  the  normal  condition  of  the  normally  constructed 
eye  at  a  more  advanced  period  of  life.  In  myopia  the  power  of  ac- 
commodation possesses  the  normal  range ;  presbyopia  on  the  contrary 
is  based  upon  diminished  range  of  accommodation,  as  the  natural 
result  of  advancing  life.  Myopia,  finally,  rests  upon  an  abnormal 
situation  of  ihe/artAest  point  of  distinct  vision;  presbyopia,  on  the 
other  hand,  on  an  altered  situation  of  the  nearest  point.  So  little  are 
myopia  aud  presbyopia  opposite  conditions,  that  they  may  both  occur 
simultaneously  in  the  same  eye.  An  eye,  for  example,  which  can  see 
accurately  only  from  20'  to  14',  is  at  the  same  time  myopic  and 
presbyopic :  the  farthest  point  of  distinct  vision  is  situated  at  too 
short,  the  nearest  point  at  too  great  a  distance. 

Hence  we  may  consider  it  to  be  fully  proved  and  demonstrated : — 

1.  That  myopia  and  hypermetropia  are  to  be  r^arded  as  opposite 
conditions. 

2.  That  it  is  illogical  and  unpractical  to  contrast  myopia  and 
presbyopia  with  one  another. 

With  respect  to  presbyopia,  this  state  is  no  anomaly,  but  rather 
the  normal  condition  of  the  normally  constructed,  emmetropic  eye,  at 
a  more  advanced  period  of  life.  Were  presbyopia  an  anomaly,  it 
should  not  be  looked  upon  as  an  anomaly  of  refraction,  but  of  ac- 
commodation. It  should  not  be  classed  with  myopia  and  hyperme- 
tropia, but,  on  the  contrary,  with  the  disturbances  of  accommodation. 
As,  however,  it  is  no  disturbance,  but  a  diminution  of  the  range  of 
accommodation,  it  must  be  treated  of  in  considering  the  influence  of 
the  time  of  life  upon  the  eye. 

Accommodation  is,  as  we  have  seen,  based  upon  a  change  of 
form  of  the  lens,  produced  by  contraction  of  the  internal  muscles  of 
the  eye. 

Hence  it  follows,  that  anomalies  of  accommodation  may  be 
dependent : — 

a.  On  disturbance  in  the  lenticular  system. 
L  On  disturbance  of  the  internal  muscles. 

Of  the  disturbances  in  the  lenticular  system  the  condition  of  total 
absence  of  the  lens,  which  I  have  termed  apkakia,  comes  almost 
exduaivdy  under  observation. 

Xlie  disloriMaioes  of  the  muscles  of  accommodation  are  of  a  very 
bl    Brindpalfy  we  shall  have  to  distinguish : — 
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!•  Tlie  weakness  which  not  unfrequently  manifests  itself  by  definite 
phenomena  after  different  exhausting  illnesses. 

2.  The  more  or  less  coroplcte  paralysis,  which^  probably  without 
exception,  is  connected  with  a  similar  condition  of  the  M,  sphincter 
iritlis,  and  often  occurs  only  as  a  part  of  the  paralysis  of  the  oculo- 
motor nerve. 

5.  The  spasm,  which  occurs  much  more  rarely  than  the  paralysis, 
and,  like  the  latter,  is  based  upon  a  direct  or  indirect  abnormal  ac-  , 
tion  of  the  nervous  system. 

Besides  thes^rare  forma  of  spasm,  we  shall  observe,  as  a<very  ordi- 
nary plienomenon  in  hypermetropia,  a  peri>istent  increase  of  contraction 
of  the  muscles  of  accommodation  dependent  upon  habit.  This  snb- 
ject  shallj  therefore,  be  treated  of  in  speaking  of  hypermetropia. 

Moreover,  it  is  here  to  be  uoticed  in  general,  that  the  condition  of 
refraction  exercises  an  import^int  iiifluence  on  the  ordiuar}^  use  of  the 
range  of  accommodation,  and  consequently  upon  accommodation 
itself.  The  modifications  so  produced  cannot  be  scparat^.-d  from  the 
stat^  of  refraction  on  which  they  depend,  and  tluy  therefore  come 
with  them  under  consideration.  For  this  and  other  reasons  it  was 
Dfic^aary  to  give  an  ide:i  of  the  subject  of  accommodation,  before 
passing  to  the  description  of  the  anomalies  of  refraction. 

From  the  foregoing,  it  appears  that  oar  priaoipal  dietinctioa  is  baa^d  upon 
the  aitaation  of  the  farthest  iioint  of  distinct  vision.  Thus  wg  obtain  a 
cUs^cation  of  the  anomalies  of  refraction,  which  uf  itself  excludes  a  con- 
fusion  of  the  latter  with  the  anomalies  of  accommodation. 

The  question  naturally  arises,  whether  a  olassifioation  resting  on  the 
nearest  point  of  distinct  'V'isiou,  that  ia  upon  P,  may  not  also  be  iibserved, 
Oo  a  little  reflection  it  will,  however,  be  seen,  that  this  wonld  lead  to  con- 
stant confusion  of  the  anomalies  of  refraction  and  of  accommodatioD.  In- 
deed P  depends  upon  both  faetOvs,  both  on  the  refraction  of  the  eye  at  rest, 
and  on  the  range  of  accommodation.  Consequently  two  eyes,  in  which  P  is 
similar,  may,  with  respect  to  refraction  and  accommodation,  present  great 
differences :  it  is  only  neoessary  that  the  differences  compensate  one  another 
in  the  two  factors^  A  myopic  eye  with  a  small,  and  a  hypermetropic  eye 
with  a  great,  range  oi  accommodation,  may  haye  tbeir  nearest  point  at  the 
suae  distance  aa  an  emmetropic  eye,  with  an  aver-^^e  range  of  accommoda- 
tion. Now,  if  they  were  classified  according  to  their  nearest  point,  all  these 
difl^erent  eyes  should  be  referred  to  the  same  category.  Moreover,  how 
should  we,  on  this  basis,  determine  the  categories  ?  It  should  evidently  be 
done  quite  arbitrarily.  We  should,  for  example,  distinguish — 
A  category  with  P  less  than  2', 
4' 
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etc.,  or  choose  other  arbitrary  numbers.  Lastly,  the  same  eye  should,  in  pro- 
portion as  the  power  of  aceommodation  diminished,  belong  each  time  to  a 
different  category.  This  is  enough  to  prove  that  a  classification  of  eyes, 
based  upon  the  shortest  distance  of  distinct  vision,  is  entirely  unpractical, 
and  almost  leads  to  the  absHrd.  A  classification  according  to  the  mean  dis- 
tance of  distinct  vision,  which  it  has  been  attempted  to  make  by  contrasting 
myopia  and  presbyopia,  is  an  illusion ;  for  a  mean  distance  of  distinct  vision 
does  not  exist,  and  what  does  not  exist  is  certainly  not  to  be  defined.  (Com- 
pare relative  range  of  accommodation.) 

On  the  contrary,  a  classification  founded  on  the  greatest  distance  of  dis- 
tinct vision  is  simple  and  logical.  With  the  knowledge  of  H  we  perceive, 
in  the  firtf^  place,  whether  an  anomaly  of  refraction  exists.  Taking  the 
time  of  life  into  consideration,  we  can,  moreover,  thence  nearly  determine 
what  P  ought  to  be ;  and  if  P  does  not  actually  correspond  thereto,  we  may 
infer  the  existence  of  an  anomaly  of  accommodation. 


§  7.  Causes  op  the  Defects  op  Refraction  in  Geneeal. 

In  defining  the  anomalies  of  accommodation,  their  cause  is  at  the 
same  time  assigned.  For  although  very  diflferent  morbid  conditions  or 
morbid  processes,  may  give  rise  either  to  paralysis,  or  to  spasm  of  the 
muscles  of  accommodation, — we  know  that,  in  the  first  case  the  phe- 
nomena are  always  dependent  on  diminished  or  wholly  arrested,  in  the 
second  on  involuntarily  exalted  action  of  the  muscles  of  accommodation. 

On  the  cause  of  the  anomalies  of  refraction,  on  the  contrary,  the 
dioptric  definition  laid  down  does  not  throw  any  light.  They 
are  defined  simply  as  disturbances  of  connexion  in  the  relative 
position  of  principal  focus  and  retina.  On  what  anatomical  or 
physiological  deviation  these  disturbances  of  connexion  may  depend, 
is  thus  left  undecided. 

This  would  seem  to  be  the  place  to  t?2at  of  this  subject  in  general. 
However,  we  here  state  only  what  is  the  rule.  Deviations,  of  a 
peculiar  nature,  which  occur  only  sometimes  as  exceptions,  will  come 
under  consideration  first  in  speaking  of  each  of  the  anomalies  in 
detail. 

The  rule  is  expressed  in  the  annexed  three  figures.  Fig.  54  is  an 
emmetropic,  Fig.  55  a  myopic,  and  Fig.  56  a  hypermetropic  eye.  It 
immediately  strikes  us,  that  in  the  myopic  eye  the  axis  of  vision  is 
longer,  while  in  the  hypermetropic  eye  it  is,  on  the  contrary,  shorter, 
than  in  the  emmetropic.  To  this  almost  exclusively  it  is  to  be 
attributed,  that  parallel  incident  rays  in  the  myopic  eye,  come  to  a 
focus  in  front  of,  in  the  hypermetropic,  behind  the  retina.     Of  tliis 
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difference  in  length  of  the  axis  of  vision  we  can  even  in  life  satisfac  - 

Fig.  55. 
"  Fig,  66. 


torily  convince  ourselves.  Thns  if  wc  causci  the  axis  of  vision  to  he 
strongly  as  possible  directed  outwards,  we  shall  observe  the  slow 
eration  of  the  arching  of  the  oval  mYopic,  and  the  rapid  change  of 
the  direction  of  the  arching  in  the  anteriorly  situated  equator  of  the 
hjrpennetropic  eye.  Moreover,  the  other  axes  of  the  myopic  eye 
appear  to  l>e  longer,  while  those  of  the  liypermetropic  arc  sliorter  than 
those  of  the  emmetropic  eye. 

Myopia  and  hypermetropia  might  also  be  supposed  to  be  dependent 
on  many  other  causes.  Anomalies  of  refraction  might  depend  upon 
the  enrvjiiurc  of  the  dilTerent  refracting  surfaces  (compare  p.  38),  m 
well  as  on  the  relative  coefficients  of  the  refraction  of  liglit.  Theorits 
have  not  been  wanting  in  reference  to  tins  subject. 

ITie  opinion  has  in  the  first  place  been  rather  generally  enter- 
lanvil,  that  in  myopia  the  cornea  is  more  convex.  So  far  as  hyper- 
raetropia  was  known,  it  was  supposed  to  be  connected  with  too  great 
flatness  of  the  cornea,  which  was  positively  n.si^nmed  to  exist  in 
presbyopia.  And  on  external  ins{>cction  it  woahl  really  appear,  as  if 
in  myopic  individuals  the  cornea  was  more  convex,  while  in  those 
who  are  hypermetropic  and  prt!sb_vopic  it  is  (latter  than  in  cmmetrojnc 
persons.  This  appearance  proceeds  from  the  fact,  that  in  myopia  the 
iris  and  tlie  crystnlline  lens  lie  far  behind  the  cornea,  while  in  hypenne- 
tropia  and  presbyopia  they  are  situated  nearer  to  it.  An  observer  is 
still  further  misled  to  assume  a  diliereuce  in  the  curvature  of  the 
aea,  as  in  a  myopic  subject  the  entire  globe  of  the  eye  is  more 
omincut,  while  in  the  hyi>ermetropic  it  is  more  sunk  in  the  orbit, 
as  is  often  seen.  But  in  truth,  the  curvature  of  the  cornea  in  ame- 
tropia does  not  essentially  differ  from  that  of  emmetropia,  and  the 
time  of  life  also  exercises  scarcely  any  influence,     Nunieruus  mea- 
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SQieiDents  of  the  conral  radios  of  the  cornea  haTe  satisfied  me  on  this 
point.  Thej  have  shown  me  that,  quite  contrarr  to  what  it  was 
thought  should  be  expected,  the  cornea  at  an  advanced  period  of  Ufe 
rather  becomes  a  little  more  convex,  and  that  in  the  extreme  d^iees 
of  mvopia,  on  the  contrarr,  a  somewhat  flatter  cornea  is  met  with. 
Moreover,  the  radius  of  the  cornea  of  both  eves  of  the  same  indi- 
vidual seemed  in  general  to  present  no  difference,  or  at  least  a  much 
less  difference  than  usoallv  occurs  between  comes  of  different  per- 
sons ;  tfhile,  lastly,  the  radius  (as  well  as  the  whole  eve)  is  in  women 
somewhat  shorter  than  in  men. 

Though  in  ordinary  myopia  the  cornea  is  not  more  convex,  it  is 
evident  that,  ceteris  paribus ,  a  greater  convexity  of  the  cornea  must 
give  rise  to  myopia,  and  we  shall  hereafter  see  that  in  diseases  of  the 
cornea  myopia  is  occasionally  produced  in  this  way.  ■ 

Moreover,  it  naturally  occurs  to  us  to  consider  the  principal  focal 
distance  of  the  lens  as  a  cause  of  anomalies  of  refraction^  In  con- 
nexion with  it  both  the  curvature  of  the  refracting  surfaces  and  the 
coefficient  of  refraction  may  come  under  notice.  In  advancing  years 
the  lens  becomes  externally  especially  firmer,  and  thus  the  coefficient 
of  refr-action  of  the  outer  layers  appears  to  increase.  If  this  actually 
takes  place,  and  if  the  coefficient  of  the  cortical  layers  thus  approaches 
more  to  that  of  the  nucleus,  the  focal  distance  becomes  greater  (com- 
pare p.  39).  On  this  the  diminution  in  advanced  life  of  the  refractive 
condition  of  the  eye  appears  really  to  depend.  But  beyond  this  no 
facts  exist,  which  give  us  a  right  to  assume,  that  definite  changes  in 
the  focal  distance  of  the  crystalline  lens  usually  occur  in  definite 
anomalies  of  refraction.  In  some  measurements  of  the  surfaces  of 
curvature  of  the  lens  from  eyes  of  myopic  persons,  after  death,  I 
found  no  deviation ;  it  would  rather  appear  as  if,  in  strongly  hyper- 
metropic individuals,  a  flatter  lens  were  to  be  expected.  Determina- 
tions of  this  kind  during  life  take  up  a  great  deal  of  time,  still  they 
ought  to  be  made.  Of  the  eyes  measured  by  Helmholtz,  as  well  as 
among  those  measured  by  Knapp,  there  was  by  accident  one  myopic 
eye.  The  values  found  by  these  observers  do  not  indicate  that  the 
lens  in  myopic  subjects  should  present  a  shorter  focal  distance ;  nor 
do  the  results  of  the  removal  of  the  lens  in  myopic  patients  lead  to 
this  conclusion,  as  shall  be  more  fully  shown  in  treating  of  aphakia. 

Now  if  the  lens  in  myopic  individuals  evidently  lies  (compare  Fig. 
66  with  Fig.  64)  in  general  farther  frx)m  the  cornea  than  in  emme- 
*rfiiiio  pcfsom^  ihe  focus  of  the  dioptric  system  must  in  the  former  lie 
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even  somewhat  deeper  than  in  the  latter ;  and  it  is  in  spite  thereof, 
that  in  consequence  of  the  elongated  axis  of  visiooj  myopia  exists. 
In  hjpennetropia>  the  lens  being  situated  more  anteriorly  (com- 
pare Fig,  56  with  54),  must,  ceterU  paribus y  briug  the  principal  focal 

stance  neaa>r  to  the  cornea ;  but,  the  axis  of  vision  being  much 

arter,  the  principal  focus  still  lies  behind  the  system.  In  both 
cases,  thej^fore,  the  anomaly  of  refraction  is  rather  compensated 
than  promoted  by  the  lenticular  system. 

As  to  modifications  in  the  coefficienta  of  refraction  nothing  is 
ftowQ,    From  a  theoretic  point  of  view^  we  must  say,  that  the  index 

the  cornea  and  aqueous  humour  being  greater,  and  that  of  the 
vitreous  humour  being  on  the  contrary  less^  the  principal  focus  shoidd 
be  reiQoved  forwards  (compare  p.  39). 

The  fiual  resuh,  therefore,  remains  what  we  kid  down  in  startijig ; 
that  mj/oj/ia  n^ualij/  depends  upon  an  elongation y  and  Hyper m^tropla 
up<m  a  short enin^^  of  ike  axit  of  vision. 

The  measurementsj  of  the  radias  of  the  coruea  wcto  made  with  the  assist- 
aaoe  of  the  ophthalmometer  (compare  p.  17).  They  were  recorded  in  the 
Vtnlagen  €n  mededttelinffen  der  Koninklijke  academie  van  JFelennchappen 
(Reports  and  Communications  of  the  Royal  Academy  of  Soienoes),  Afd, 
Naiunrkundcj  D.  xi.  p.  159,  and  subsequently  an  the  Avchiv  f,  Ophthalm,f 
Bp  viii.     The  principal  reaulta  are  here  appended  : — ^ 

1.  The  radii  of  the  two  eyes  of  the  aarae  indtTidual  are  in  general  nearly 
eqnal.  In  the  fltatutico,  therefore,  when  two  eyes  of  the  same  person  were 
examined,  only  one  mean  eye  was  taken  into  account. 

2.  The  radiui  in  the  tine  of  vision  p^  amounted  in  mm.  to— 
Maximum.  Minimum.  Average. 

In  n»en 8*396 1*2H  ' T^SuS 

In  women  ,,....  8-487 "'115  .    7'T99 

3.  Aa  to  the  influence  of  time  of  life — 
In  79  men,  average  p^  ==   ..,..,.,,,..,,,,  ^  7'858 

„   20      „      under  20  years,  average ss  7  932 

„   61      „          „     40     „           „  =  7'8S2 

„  28      „      above  40     „           „  ^7*819 

,.11      „          „      60     „            „  ^7-809 

In  38  women,ttverttge  p**     =  7  TOO 

under  20  years     :=  7*720 


n     6 

„  22       ,.         „     40     .,     average 
„  16       ,,       obove  40      „         „ 
If     2        „  ^f      uO      „  „ 

4«  As  to  refraction — 

.  Mn  27  emmetropio  persons,      p^ 

J  j  „  25  myopio  ,»  „ 

.,  26  hypermetropic  „  „ 


^  7*799 
=  7*799 
=  7*607 
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g  ^  In  1 1  CKBetzopie  pemmsy     p*     =  7-719 

||„12ajoiM  „  „     =7867 

^  '  „  1*  hypermetropic  ^  ^     =  7-767 

&  Inflnenee  of  tbe  ikgree  of  mjopia  ^m^ — 

w.  grcster  tim  i,       p*      =  7-«» 

g  |x-      n  «    i.       -      =7-'«29 

(Enunetropic =  7-7*v>> 

g  I  K.  gremter  than  |,     p*       =  7-«5 

s^  '  w    U^  »  —  7-7SO 

5    '   n.    !«■•  n      |9»         »*  —    •    •^' 

^  '       (Emraetropie =  7-719) 

6.  Initnrnrr  of  the  degree  of  hTperm^troifia  >.  >. 

,  H  =  I  to  ^      p*        * =  7-9^ 

fs»„=ito^        „       =  S^IO 

2  »«  =itoi,        „       =7-939 

(Emmetropic  =  7-7S5) 

g  i  H  =  i  to  i,  p*    =  7-876 

>  r        (Emmetropic   =  7-719) 


§  8.  DiAGEAMSCATIC  REPRESEXTATIOX  OF  THE  SAXGB  OP  ACCOM- 
MODATION, A3»D  OF  THE  ANOMALIES  OF  REFRACTION  AND  ACCOM- 
MODATION. 

In  §  5  we  hare  seen  what  i«  to  be  nnderstood  by  range  of  accom- 
modation. We  described  the  faculty  of  accommodation  as  the 
power  of  the  eye  to  add  to  itself  a  positive  lens,  and  the  strength  of 
thifl  lens  was  for  us  the  measure  of  the  range  of  accommodation.  We 
farther  showed,  that  the  focal  distance  of  this  auxiliary  lens  was  im- 
mediately found  by  ascertaining  the  distances  from  the  nearest  and 
farthest  points  of  distinct  vision  to  the  nodal  point  of  the  eye. 
These  diatanccs  we  called  P  and  B,  and  the  range  of  accommodation 
was  then : — 

1,_1         1. 
A  "  P  "  R 

If  ^  be  the  range  of  accommodation,  A  is  the  focal  distance  of 

the  auxiliary  lens,  which  the  eye  is  capable  of  adding  to  itself. 

All  this  is  very  clear.  But  it  was  still  a  desideratum,  by  means  of 
ft  drawing,  to  make  it  easier.  An  attempt  in  this  direction  suc- 
ceeded beyond  expectation.     Not  oidy  can  we  in  a  diagram  express 
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the  mnge  of  accommodation,  proportionnl  to  the  length  of  lines, 
but  the  beginning  and  "iud  of  the  lines  at  the  same  time  show  p  and 
r.  And  thns  at  once  make  U3  acquainted  witli  the  dt  grec  of  mjopiu 
ad  hyperraetropia  of  the  eye  so  represented.  A  glance  at  the  ap- 
pended table  will  demonstrate  this.  The  lengths  of  the  thick  hori- 
zontal  lines  represent  the  range5    of  aeconunodation.     Above  the 

^hter  vertical  lines  the  distances  from  tlic  eye,  at  which  acute 
ision  takes  pkce^  are  noted  j  the  numbers  exhibit  (in  Parisian 
inches)  the  distances  whence  rays  must  diverge,  in  order  to  come  to 
a  focus  on  the  retina.  The  explanation  of  a  couple  of  these  lines 
may  bctvc  to  elucidate  this. 

The  first  tniusverse  line  represents  the  boundariee  and  range  of 
accommodation  in  a  child  of  twelve  years.  The  latter  begins  at  ^  , 
that  is,  at  an  infinite  distance,  and  terminates  at  %%\  This  indicates 
that  the  distance  of  the  farthest  point  R  =  a> ,  while  that  of  the 
nearest  P  s  £  j'.    The  eye  is  therefore  emmetropic,  and  lias  a  range 

'  accommodation  of  —  —  -  =  o^*     ^'1  ^^^^^  ^*  ^^^^  ^^  ^^^^  ^^^ 

ie  first  line.  8      ^^        f 

The  fifth  transverse  line  represents  the  boundaries  of  accommoda- 
tion, and  the  range  of  accommodation  of  a  young  man,  aged  sixteen. 
The  farthest  point  lies  at  18,  the  nearest  at  2  J,  inches  from  the  eye 
(R  ==  18,  P  =  2J).  Ke  is  therefore,  in  the  first  place,  near-sighted, 
and  his  near-sightedness  is  of  that  degree,  that  it  may  be  corrected 

by    glasses    of  —  ^    (that    is   of  IS'    negative  focal    distance). 

Such    glasses    give,   to   the   rays   derived    from    infinitely   remote 
objects,  a  direction  as  if  tliey  came  from  a  point  IS'  from  the  eye. 

Therefore,  the  degree  of  myopia  is  also  expressed  by      *  M  =  jg. 

Now  if,  moreover,  the  nearest  point  lies  at  2  j,  we  find  as  the  range  of 
1         1   _1 

18  "  5 

The  principle  involved  in  this  diagrammatic  representation  is 
this,  that  by  the  mutual  distance  of  two  vertical  lines  a  definite 

range  of  accommodation  is  each  time  expressed  ;  for  this  ^^  is  here 

assumed.    If  we  now  begin  at  oo ,  and  reckon  to  the  left,  we  find  :— 

above  the   fir^t   line  1  ;  24,  corresponding  to  ^ :  range  of  accom- 
tnodatioiK 


accommodation  ^ i  q  =  u*    ^^  *his  is  included  in  the  fifth  line. 
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a2»re  ue  Mcooii  Hae  1  :  12 

_    i4 

„       tiiiid       9    I  :    S    

-ii 

J,      sx:a      „    1  :    4 

-^. 

„       amxtk  „    I.    ^ 

-/i 

lepccsEi*  — ^  ^    -   TXkzc   of  scc:*Gi2i>ifcikc ;   lit    ^"Tin^    Fans 


T!i&  JJaeLge  cenrem  iht  ixsst  x  ifExcsQi^ieix  of  tvo  ad- 
.  -  -      ,;_. _I    1      • 

1_1_    j^    1  _1^_   1_ 

If  ve  aov  kiTe  xhn  nearest  azki  firbsc  p  jc:^  ^:jud  br  a  tzms- 
▼CEK  &»,  T«  fieed  oqIt  so  Rckoa  hyw  skt  iz:i^fT«KK  spaces 
of  Tcstkal  l2K«  i^  iksser  nz35  ;jir:>i^  in  cri?  ::.j  asentain  bov 

lazstFT^tst  tat  pajKs  thrDcjri  ^iiztf  izi^rnT^g  5csfc«s.  iai  dkcrcfore 
9  1" 

'i         1 
tiirwirii  azr:  csierriLs  .>:rTesp>:^ci3sj  *o  :^  =  ^  razkse  of  A!coai3M>- 

From  zb5*  irpresmiaaoQ  h  i?  Dyy  t«7  pui:-^,  ;^  &s  zi^cii  ponr 

of  accidsii^iisk-n  2«  rsecessarr  to  eo<^  frooi  as  ^-^^f^  £stjim  to 

^,  as  tcci  S'  to  4';  as  stt:^  to cooffrzci  d*  ro  4'  as  froa  V  to  S', 

etc   Lia  ▼^ci,  ti^£fao>t  :f  eici  piir  ?f  T^er&.-al  Ii3»» 

1^ 

i4 

vy  c-'AT^^  ^«  cot  rf>  ibt  ochfT,  ta?  sasae  aL-taoc  oc  tbf  rcTcr  cf  accom- 

ab>3jC2>n   i«  «*&  usdc  ??mir?I.  liii  i5^  :bf  eve  sis^  e*A  tiae  add 

I 

to  A«ir  ip:MCr5?  jes*cv       - 

MficwTBr,  ▼€  ocflcrrt,  tin  tiso  to  tbe  n^  of  x  retial  liaes 
oisPSTj  iirjFt  viodi  BTTL^seg?  ire  placed.  Tb«e  all  te.'-!^  to  the 
onrMJi  of  kvpenKtiopBL  Ife  oki^kb  ^jv,  subat,  ia  Rffi- 
an  iviM^  wt  vkit  dfataMe  UMani  &e  ere  tiie  luiss  lajs 


to  v^  SLZ>?     —  ^    ri=^  of  »x*xiLZK>iii£*-X3,  lai  tVr^jn?  in  order 
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eigtitli  transverse  line  therefore  rcprcj^ents  the  eye  of  an  lijperme- 
tropic  person*  In  total  relaxation  of  its  accommotlation,  the  rajs 
most^  in  order  to  unite  upon  the  retina,  converge  at  24  inches  behind 
the  eje.     In  order  to  see  accuratd/  at  an  infinite  distance,  the  indi- 

vidnal  will  therefore  require  glasses  of  ^  i^,  with  which  parallel  rajs 

acquire  the  convergence  just  mentioned,    ITiis  hjpermetropia  is  con- 

seqnently  ncfutralised  by  glasses  of-^-^  ;  in  his  eye  a  lens  of  g^  falls 

too  short;  and  therefore  we  define  the  degree  as  H  =      ,    With  the 

strongest  possible  tension  of  the  power  of  accommodation^  the  same 
eye  sees  accurately  at  the  distance  of  41",  from  which  point  the  rays 
must  therefore  in  this  case  diverge,  in  order  to  come  to  a  focus  ypon  ' 
the  retina.   The  range  of  accommodation  of  this  eye  therefore  reaches, 

in  the  first  place,  to  ^^,  in  order  to  come  to  oo,  and,  moreover,  to 
S44! 

j-f  in  order  to  come  to  the  nearest  point  of  distinct  vision.  It  is 
therefore 

24  ^  4j      4. 

In  accordance  with  this  result,  we  see  that  the  transverse  line  ex- 

fi        1 
tends  over  six  intervening  spaces,  corresponding  to  ^  ^  =  t  range  of 

accommodation. 

In  an  hypermetropic  condition  of  the  eye  the  distances  are  nega- 
tive, that  is,  Uiev  lie  behind  the  eye.     Therefore  we  also  find  in  the^ 
table  to  the  right  of  oc,  1  :  24,  etc.,  marked ;  and  therefore,  too,  in 

the  formola  for  the  nrnge  of  accommodation  p  ""  p  ^~ri  *'he  terras^ 

ape  negative,  so  far  as  the  distances  expressed  by  P  and  R  lie  on  the 
negative  side.     In  the  example  above  adduced  of  the  eighth  trans- 
verse line,  this  was  the  c^se  with  R, 
The  formida  therefore  became 


P      \     Rj     A' 


sod  consequently  the  range  of  accommodation  must  be  calculated  as 
1         1        ,      .        I        1 
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transverse  lines  the  nature  and  the  degree  of  the  ametropiaj  as  well 
a^  the  rangi3  of  accommodation. 


^presented  in  the  t^ble,  need  no  further  expla 
IS,  however,  UxWy  shown  how  to  deduce  from 

It  need  not  be  remarked,  that  by  the  method  here  deacribed,  we  ^ 
can  rapidly  and  easily  register  a  aeries  of  eyes,  whose  accommodation 
we  deti^rtnine,  and  that  on  a  definite  principle  we  can  easily  compare 
with  one  another  cases  classified  in  this  manner.     We  shall  hereafterj 
repeatedly  make  use  of  this  method. 


The  ran^e  of  accommodation  is  expressed  by  the  dioptric  power  of  an  in- 
fioitely  thin  auxiliary  lens,  which  is  supposed  to  be  placed  in  air^  and  to 
have  its  nodal  point  in  the  anterior  nodal  point  of  the  eye, 

I  have  chosen  the  same  mode  of  expression  for  the  diferent  degrees  oi 
myopia  and  hypermetropia.  To  this  I  was  ledi  by  the  following  reasoning : — 
If  we  eould  place  in  the  hypermetropic  eye  a  positive,  in  the  myopic  eye  a 
negative  corrective  leas,  the^e  might  thereby  be  converted  into  emmetropic 
eyes.  The  optical  power  of  the  required  lens  therefore  represents  the  degree 
of  ametropia.  With  the  knowledge  of  M  the  lens  is  given.  In  the  emme- 
tropic eye,  iZ  is  =  oo ;  in  the  myopic,  i2  is  a  finite  magnitude ;   in  the 

hypermetropic  eye  this  magnitude  is  negative.     In  both  cases        is  the 

dioptric  power  of  the  infinitely  thin  lens,  which,  placed  in  air,  and  having  its 
nodal  point  in  the  anterior  nodal  point  of  tlie  eye,  should  make  the  ametropio 
eye  emmetropic,  without  altering  the  situation  of  the  nodal  points  (compare 

p.  13  et  ieq.),  CoDsequently,  «  is  the  numerical  expression  of  the  ametropia 
itself.    The  myopic  eye  has  a  lens  of  y.  too  muoh^  the  hypermetropic  has  a 

lens  of  -^  too  little.     W©  may  therefore  consider  myopia  M,,  in  reference  to 

emmetropia,  as  a  poaitive,  hypermotropiaH.,  as  a  negative  condition.  There- 
fore, too,  as  the  negative  is  included  in  the  word  hypermetropia,  we  need  not 

write  H  =  —  --^,  but  for  the  sake  of  simplicity  w©  may  use  the  expression 

//  =  ^.  as  well  as  ^  ^  i.  J 

Against  this  method  of  expressing  the  degree  of  ametropia  by  the  dioptric 
power  of  a  lens,  the  objection  may  be  raisedi  that  in  ametropia  the  dioptric 
system  is,  by  a  corrective  lens,  by  no  means  made  similar  to  that  of  the 
emmetropic  eye.  Ametropia  does  not,  in  fact,  depend  upon  a  deviation  in 
the  power  of  the  oryatalline  lens,  but  rather  on  a  deviation  from  the  normal 
length  of  the  axis  of  vision.  With  a  positive  lens  we  therefor©  obtain,  in 
hypermetropia,  a  stronger  dioptric  system  with  a  shorter  axis  of  vision ;  with 


I 


^ 


DEGREES  OF  MYOPIA  AND 


enegntive  lens  in  myopm  we  obtain  a  weaker  ijitem  with  a  longer  axis  of 
Jion. 

This  objection  is  not  without  Bome  fonndation.  Still,  what  appliee  to 
nm^  of  aeoommodatioD  does  not  hold  good  for  ametropia, — that  it  is  in  the 
eye  actually  represented  by  a  lens.  Nevertheless,  I  have  not  hesitated  to 
use  this  raea^iire  aUo  for  ametropia.  In  the  first  place,  it  recommends  itself 
by  its  practical  utility :  not  only  is  the  degree  of  ametropia  thus  easily  found 
by  the  definition  of  M,  hut  with  it^  expression  is  at  the  same  time  given  the 
focal  distance  of  the  glasses  by  which  it  may  be  neatraliscd.  In  the  second 
place,  no  other  measure  is  possible.  Were  we,  in  order  to  fix  the  actual 
deriation,  to  take  the  length  of  the  axis  of  vision  as  a  measure,  we  should 
be  met  with  the  difficulty,  that  during  life  it  cannot  be  directly  determined, 
and,  coold  we  determine  it^  it  would  not  afford  an  immediately  practical  in- 
dication. Besides,  nothing  is  easier  than  to  calculate  tlie  leogth  of  the  axis 
of  TLsion,  which  about  corres|jouda  to  difierout  degrees  of  ametropia,  and 
thenoe  to  make  tables  such  as  shall  be  found  in  the  Chapters  which  treat  of 
Myopia  and  Hyper metropia. 

Thus  I  consider  the  method  I  have  pursued  to  be  fully  justiBed.    It  is, 


rtndeed,  new  only  in  form,  not  in  reality. 


What  I  term  M  =  ^  would  for- 

dy,  if  it  were  desired  to  express  the  degree  of  myopia,  have  been  described 
i  a  decree  of  ini/ojnu^  /or  which  glamen  of  Ji  —  ar  Pan'smn  inches'  negaiwe 
fbcai  disi^tnce  are  required^  tn  ordtr  to  adjust  the  eye  for  paralUl  rai/s.  The 
value  It  —  X  still  needs  some  explanation.  M  is  the  distance  from  r  to  the 
uodal  point  k\  Consequently  the  corrective  lens  is  supposed,  in  ametropisi 
to  lie  in  k\  as  well  as  the  auxiliary  lens,  which  expresses  the  range  of 
ommodation.  This  is  done  on  purpose,  in  order  to  admit  of  the  distances 
^f  distinct  vision  of  ametropio  and  emmetropic  eyes  Iwing  compared  with  one 
l^nother,  and  registered  in  the  same  diagrams.  If  it  be  desired  to  neutralise 
|.the  ametropia  by  an  actual  corrective  lens,  that  is,  by  an  eye-glasa,  we  must 
Iways  take  into  account  the  distauoe  x  between  the  nodal  point  of  the  cor- 
"  rective  lens  and  the  nodal  point  of  the  eye,  as  shall  hereafter  be  more  fully 
explained. 

A  not  unimportant  question  still  remains  to  be  solved.     The  range  of  ac- 
commodation we  have  set  down  as  =  P  '^  m*     ^^^  found,  however,  that 
I  the  aotnal  i^ange  of  the  crystalline  lens  is  not  quite  equal  thereto  (compare 
p.75e^i«9.)*  ^^^  ^^  query  arises,  whether  the  length  of  the  axis  of  vision  has 

nfluenoe  on  the  value  of  p  ^^  -5,  i^i  other  words,  whether,  on  a  given  change 

of  the  crystalline  lens,  a  difference  in  range  of  accommodation  shall  be  found, 
laeoording  as  the  eye  is  emmetropic,  myopic,  or  hypermetropic.  The  question 
is  easily  investigated.  We  twke  the  diagrammatic  {schematiach)  eye  of 
iielmholtz,  in  accommodation  for  distant  and  near  objects^  as  our  basis,  and 
calculate  M  and  P,  and  thence  deduce  the  range  of  ticoummodation  for  diffe* 
rent  sup^»osed  lengths  of  the  axis  of  vision. 
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Length  of  the 
axis  of  vision. 

It             P 

in  millimetres. 

1         1 

Emmetropic     -    -    -    -         22-231 

Myopic 1       25-231 

Hypermetropic     -    •    -         20-231 

118-31 
—  177 

136-62 
65-056 
505-73 

1 :  136-62 
1 :  144-54 
1 :  13111 

Hence  it  appears  that  an  equal  change  of  the  crystalline  lens  produces, 
where  the  axis  of  yision  is  longer,  (myopia),  a  less,  and  where  the  axis  of 

vision  is  shorter  (hypermetropia),  a  greater  value  of  -p  —  ^.    By  calculate 

ing  the  eyes  determined  hy  Knapp,  I  obtained  the  same  result  The  differ- 
enoe  is,  however,  hut  slight.  With  the  supposed  lengths  of  the  axis  of  vision, 
R  was,  for  the  myopic  eye  =  4' ;  for  the  hypermetropic  eye  =  —  6' ;  so 
that  the  myopia  amounted  to  i,  the  hypermetropia  to  } ;  and  with  these 

high  degrees  of  ametropia  the  deviation  in  the  values  o^  p  ""  ;g  amounted 

only,  in  the  case  of  myopia,  to  about  6  per  cent.,  and  in  that  of  hyperme- 
tropia to  4  per  cent.  For  practical  purposes  these  differences  present  no 
difficulty. 

In  this  comparison  of  ametropio  eyes  with  emmetropic,  we  started  from  the 
supposition  that  the  dioptric  system  of  the  former  agrees  with  that  of  the 
latter.  This  is,  however,  not  quite  correct  In  general  the  crystalline  lens 
lies,  in  the  hypermetropic  eye,  closer  to  the  cornea,  in  the  myopic,  farther 
from  it.  Now  a  change  of  form  of  the  crystalline  lens  will  have  less  influ- 
enoe  on  the  distance  of  distinct  vision,  in  proportion  as  the  lens  is  situated 
farther  behind  the  cornea  (compare  p.  62  et  seq.).  Consequently  this  influence 
will  be  less  in  the  myopic,  and  greater  in  the  hypermetropic  eye,  than  in 
the  emmetropic.  In  this  we  have  therefore  a  second  reason  why  a  definite 
change  of  the  crystalline  lens  shall  represent  in  the  myopic  individual  a 
less,  and  in  the  hypermetropic,  a  greater  range  of  accommodation  than  in 
the  emmetropic.  Now  if,  notwithstanding,  a  greater  range  of  accommoda- 
tion be  found  in  myopic  than  in  hypermetropic  individuals,  the  inference  is 
evident,  that  the  former  can  produce  a  much  more  decided  change  in  their 
crystalline  lens  than  the  latter. 


§  9.  Clinical  determination  of  Ameteopia  in  General. 


As  we  have  already  seen,  and  as  shall  hereafter  more  fully  appear, 
both  myopia  and  hypermetropia  exercise  a  great  influence  upon  the 
function  of  vision,  and  both  are  closely  connected  with  numerous  affec- 
tions of  the  eyes  of  a  different  nature.  Hence  it  is,  that  the  ophthalmic 
gazxeoa  mnut  make  il  a  role,  in  every  patient  who  applies  to  him,  to 
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determiae  the  refractive  couditiou  of  the  ejes.  But  in  acute  iuflam- 
luatory  iiffections^  it  is  quite  allowable  iu  the  first  instance  to  defer 
the  determinatign ;  though,  when  the  inflammation  gives  way,  it 
ought  not,  even  in  such  ciiseSj  to  be  neglected.  I  have  long  been 
aceusl-omed  to  note  this  of  all  my  pitients :  in  the  lists  in  the 
Ophthalmic  Hospital  a  special  eulumn  is  provided  for  the  purpose. 
I  have  in  numerous  instances  found  the  great  advantage  of  this 
rule. 

The  determination  itself  is  effected,  after  some  practice,  with 
rapidity  and  certainty.  Two  methods  have  been  employed.  The 
first  consists  in  testing  the  power  of  visfiun  with  glasses  of  known 
focal  distance.  The  second  in  the  determination  of  the  refractive 
condition  by  means  of  the  ophthalmoscope. 

L  For  the  employment  of  the  first  method  we  requirej  in  the  tLrst 

place,  the  necessary  glasses  from  --.  to  ^  and  from  —  ^  to  —  - ;  in 


SO 


SO 


the  second  place,  the  necessary  objects  for  testing. 

The  pairs  of  glasses  are  kept  loo!?e  in  a  box,  with  a  spectacle-frame 
in  which  they  can  be  placed.*  It  is  also  convenient  to  Irnve  a  black  \ 
phite  of  metal  of  the  S4\me  size  as  the  glasses,  which,  placed  in  the 
frame,  closes  one  of  the  eyes;  by  closing  the  eye  with  the  iiiiger,  the 
accuracy  of  vision  is  easily  lost  for  some  moments,  so  that  we  cannot 
make  the  examination  of  this  eye  follow  immediately  uj^on  that  of 
the  other. 

The  most  suitable  objects  arc  letters  and  numbers.  Dr.  Snellen 
has  drawu'up  these  in  a  regular  sys-tem,  and  has  thus  supplied  a  want 
which  had  long  been  felt.  The  principles  kept  in  view  by  Dr. 
Snellen  arc  the  following : — 

1 .  Detached,  separate  letters,  black  on  a  white  grountl,  in  irregu- 
lar sequence. 

2.  The  letter,  large  Roman,  square,  the  vertical  strokes  being  J, 
the  horizontal  i  of  the  breadth  of  the  letter. 


•  PaetJt  and  Flohr,  opticians,  unter  den  Linden,  Berlio,  supply  such  boxes 
with  the  necessary  positive  and  negative  glasses*  The  boxes  contain,  more- 
QTer,  prtsmatic  and  coloured  glasses,  with  a  spectacle- frame.  Jaeger*a 
otade-frame,  prepared  by  Kraft  and  Sohn,  mechanicians^  Vienna,  Stadt, 
aerstraase,  lf>43»  im  Biirgerapital^  is  convenient^  in  which  the  rings 
ontaining  the  glasses  are  movable,  admitting  of  their  di8tan4^  being  so 
r«^ukt<Hl  that  the  patient  can  look  nearly  through  thtj  eL^ntro  of  both 
gksaoA, 

7 


98       DEFECTS  OF  REFRACTION  AND  ACCOMMODATION. 

3.  Exclusion  of  some  letters  which  are  much  more  difficalt  to  dis- 
tinguish than  others. 

4.  Ascending  magnitudes  from  I  to  CC,  the  magnitade  being 
proportional  to  the  number,  so  that  CC  is  two  hundred  times  larger 
than  I ;  XX  ten  times  larger  than  II,  etc. 

5.  The  several  magnitudes  distinguishable  by  a  sharp  eye,  in  good 
liglit,  at  the  distance  of  so  many  feet  as  the  number  amounts  to. 
Thus  II  at  2  feet,  VI  at  6  feet,  XX  at  20  feet,  etc.,  all  seen  at  simi- 
lar angles  (of  5  minutes),  are  equally  easily  distinguishable  by  the 
eye  exactly  accommodated  to  the  distance. 

By  the  application  of  these  principles  great  advantages  are  ob- 
tained. In  the  first  place,  the  existence  of  ametropia  is  at  once 
apparent,  when,  with  respect  to  the  power  of  distinguishing,  the  pro- 
portion between  distance  and  magnitude  is  destroyed :  for  example, 
if  a  person'  sees  I  at  1  foot,  II  at  2  feet,  and  cannot  see  XX  at  20  fe^ 
distance,  myopia  exists,  etc.  If  he  sees  XX  at  20  feet;,  and  does  not 
see  I  at  the  distance  of  1  foot,  the  nearest  point  lies  at  more  than  I 
foot  from  the  eye,  etc.  In  the  second  place,  we  can  immediately 
with  perfect  accuracy  determine  the  sharpness  of  sight.  He  who, 
having  his  eyes  properly  accommodated,  distinguishes  XX  only  at 

10  feet,  instead  of  at  20,  has  a  sharpness  of  vision  S  =  ^^  =-,when 

he   distinguishes   III   at   1    foot,   his   vision  is  S  =-^;   when  he 

o 

20       1 
sees  C  at  20  feet,  it  is  S  =  ^^^  =  -^,  etc.     He  who  distinguishes  C, 

LX,  XII,  III,  only  at  the  distance  of  I  foot,  has  his  vision  equal  re- 

spectivelytOj-J^,!   ^^,^,etc. 

In  the  examination  for  the  determination  of  ametropia,  we  have 
to  do  only  with  R,  and  for  this  purpose  we  cause  the  patient  to  look 
at  the  distance  of  about  20  feet;  while  on  the  card  intended  for 
distance  (as  card  2  appended  to  this  work),  even  CC  still  occurs,  thus 

it  appears  applicable  as  far  as  S  =  ^rr      If  S  be  still  less,  we  bring 

the  card  nearer  to  the  eye ;  finally,  reckoning  the  fingers  may  be  con- 
veniently substituted  for  distinguishing  letters. 

For  persons  who  cannot  read,  we  may  substitute  reckoning  vertical 
strokes.  By  this  method,  however,  it  is  difficult  to  obtain  results, 
and  they  are,  moreover,  not  capable  of  comparison  with  those  ob- 
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tained  with  letters.  It  is  therefore  better  to  teach  such  patients  to  re- 
cognise a  couple  of  letters  and  a  couple  of  figures,  which  is  easily  done. 
The  mode  of  quickly  recognising  the  ametropic  condition,  is  best 
feamt  by  means  of  practical  instruction.  We  must  here,  however, 
endeavour  to  give  some  genei*al  indications  on  the  subject.  For  this 
purpose  let  us  assume  a  clinical  point  of  view.  Minuter  details  will 
be  given  in  treating  of  the  several  forms  of  ametropia  and  modified 
accommodation. 

A   PERSON   AGED   TWENTY   PRESENTS   HIMSELF. 

The  question  is  : — does  ametropia  exist  ?  JTe  give  him  small  print 
—I  to  IV  of  Snellen^s  test-types  to  read. 

A.  He  reads  I  witAout  difficulty  at  a  distance  of  from  6  to 
12  inches;  11  at  the  distance  of  2  feet.  We  in  the  first  place 
infer,  that  his  power  of  vision  is  sharp,  secondly,  tliat  he  is  either 
emmetropic  or  at  least  but  slightly  ametropic.  We  show  him 
XX  at  20  feet.  He  reads  it  likewise.  Is  he  then  emmetropic  ?  is 
still  the  question. 

1.   With  —  rR  he  does  not  see  XX  at  the  distance  stated,  better  de- 
40 

fined;  he  is  not  myopic.      With  ^  he  sees  the  letters  fainter,  less 

black,  although  somewhat  larger:  he  has  no  manifest  liypcrmctropia. 
May  he,  nevertheless,  be  hypermetropic?  Latent  hyi)crmetropia 
might  exist,  which,  so  long  as  accommodation  is  active,  cannot 
appear.  This  may  manifest  itself  only  after  the  instillation  of  sul- 
phate of  atropia  (gr.  i  to  dr.  ii),  paralysing  the  accommodation;  if 
it  exists,  the  eye  should  now  see  much  more  sLorply  at  a  distance  with 

^,  perhaps  even  with  —  or  -^. 

Must  we  then,  in  order  to  satisfy  ourselves  of  the  existence  or 
non-existence  of  latent  hypermetropLa,  in  each  of  our  patients,  para- 
lyse the  power  of  accommodation  by  means  of  atropia  ?  By  no  means  -, 
this  ought  to  be  done  only  when  there  is  reason  to  suspect  hyperme- 
tropia,  and  even  then  we  should  warn  the  patient,  that,  for  some  days, 
impairment  of  vision,  particularly  for  near  objects,  with  dimness,  and 
probably  with  intolerance  of  light,  will  remain.  When,  therefore,  are 
we  justified  in  assuming  or  suspecting  in  a  youthful  individual  the 
existence  of  latent  hypermetropia  ?  Wc  may  assume  it  when  mani- 
fest hypermetropia  exists ;  a  portion  is  then  always  latent  through 
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the  action  of  accommodation.  We  may  with  great  probability 
suspect  it :  1,  when  convergent  strabismus  is  present ;  2,  when 
there  are  complaints  of  asthenopia;  3,  when  P  is  much  too  great  for 
the  time  of  life.  If,  for  example,  the  person  exammed  at  the  age  of 
20  years  says  he  cannot  read  accurately  at  the  distance  of  6^  we 
shall  in  19  cases  out  of  20  detect  latent  hypermetropia.  As  shall 
hereafter  appear,  it  may  then  become  desirable  to  give  him  glasses. 

2.  If  with  "—  -Th  ^^  *^^*  ^^^^  accurately  at  a  distance y  he  is  very 
slightly  myopic. 

3.  If  with  -—  he  sees  as  accurately  as  without  glasses,  there  is 
manifest  hypermetropia.  Let  us  take  glasses  of  higher  power: 
^j  ^y  etc.  So  long  as  he  continues  to  see  equally  well,  the  mani- 
fest hy})ermetropia  is  not  corrected.  The  highest  glasses,  with  which 
he  sees  accurately,  indicate  the  degree.  If  he  still  sees  accurately  with 

^,  his  manifest  hypermetropia  is  =  r^^.   In  this  case  we  should  also 

determine  the  total  hypermetropia  (manifest  +  latent),  after  para- 
lysis with  atropia. 

B.  He  reads  I  best  at  6',  No,  II  at  9',  both,  indeed,  much  nearer,  but 
not  farther  off.  From  6'  and  9'  reading  becomes  somewhat  more  difficult. 
The  dilemma  is  :  either  myopia  or  diminished  sharpness  of  vision.  At 
20  feet  distance  he  does  not  see  No.  XX,  nor  XL,  nor  LX,  which  last 
are  three  times  larger  than  XX.     Myopia  almost  certainly  exists. 

We  try  with  —  -•  Now  he  sees  much  more  accurately  and  reads 

No.  XXX  or  even  XX  at  a  distance  of  £0  feet :  the  myopia  is  proven. 
Its  degree  is,  however,  not  exactly  known.    Why  did  we  try  glasses 

of  —  Q  ^  Because  the  farthest  point,  at  which  tolerably  acute  vision 
still  existed,  lay  at  about  9'.  By  attending  to  this,  we  come  tole- 
rably near  the  degree  of  M.  If  he  sees  with  —  ->  the  parallel  rays 
acquire  a  direction,  as  if  they  came  from  a  point  situated  9'  in  front 
of  the  glass.     By  comparison  with  glasses  of  —  -  it  appears,  that 

with  the  latter  he  sees  still  more  accurately ;  with  —  ^  not  better 
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than  with  —  ^>  with        decidedly  less  accurately.  M  therefore  exists 

_  1 

"■  S' 

C.  He  cannot,  or  at  least  can  only  with  difficulty ,  read  No,  I  {or 
even  larger  letters),  at  whatever  distance  the  book  be  held.  His  time 
of  life  excludes  presbyopia.  But  three  cases  are  still  possible :  there 
exists  either  diminished  accuracy  of  vision,  or  H,  or  paresis  of  accom- 
modation. Where  the  pupil  is  freely  movable,  with  normal  diameter, 
the  last  is  almost  with  certainty  excluded.     The  shortest  way  is, 

however,  immediately  to  make  him  read  with  y^-     Spectacles  with 

these  glasses  should  always  lie  on  the  oculist's  table.  It  is  in  very 
many  cases  the  first  number  which  he  tries  in  order  to  arrive  quickly 

at  a  conclusion.     If  with  =-^  No.  I  be  read  at  12  inches,  even  at  16' 

r  (  =  IJ)  be  read :  we  can  no  longer  suspect  diminished  accuracy  of 
vision,  and  H  has  become  very  probable.  At  the  distance  of  20  feet 
XL  is  distinguished,  also  XXX,  but  XX,  on  the  contrary,  is  not. 

But  with  —  the  patient  sees  them  more  accurately ;  with  ^  he  distin- 
guishes  XX,  with  zr-^  he  still  sees  them  as  well ;  with  ^h  ^^®  letters 

lO  io 

begin  to  be  diffused :  the  existence  of  H  and  indeed  of  H  =  y^  is 

thus  established :  S  is  at  the  same  time  perfect.  If  positive  glasses  pro- 
duce a  considerable  improvement,  but  if  none  can  be  found,  with  which 
XX  is  distinguishable  at  20  feet,  H  is  compHcated  with  diminished 
sharpness  of  vision,  as  often  is  tJie  case.  In  either  instance,  the  total  H 
should  now,  by  the  artificial  production  of  paralysis,  be  determined. 
Had  paresis  of  accommodation  existed,  without  H,  the  naked  eye 
should  have  seen  accurately  at  a  distance,  and  even  weak  positive 
glasses  should  have  diminished  the  accuracy  of  vision  with  respect  to 
remote  objects.  The  condition  would  have  beer  immediately  distin- 
guishable from  H  from  the  fact,  that  with  ^c:  ^*  thot^  than  10'  the 

letters  would  have  become  somewhat  diffuse,  and  consequently  I^ 
could  not  have  been  read  at  16'.  Where  complication  with  diminished 
accuracy  of  vision  exists,  examination  of  the  media  and  of  the  fundus 
oculi  with  the  ophthalmoscope  is  necessary.    In  H  this  investigation 
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is  frequently  negative,  although  the  acJicuracy  of  vision  is  diminished. 
Not  unfrequently  astigmatism  is  at  the  same  time  present,  the  con- 
sideration of  which  I  must  defer  to  a  subsequent  chapter. 

D.  The  patient  rea(h  II,  or  at  least  IV  a7id  VI  at  8',  4',  or  5' 
from  the  e^e,  but  not  at  a  greater  distance.     Here  either  myopia  with 

diminished  accuracy  of  vision,  or  a  high  degree  of  hypermetropia 
exists.  If  he  reads  No.  VIII  at  2  feet,  it  can  scarcely  be  anything 
else  than  hypennetroi)ia.     If  at  a  distance  he  sees  only  LX,  with 

glasses  o|  k,  No.  XXX  with  those  of  —less  well,  it  is  hypermetropia, 

and  indeed  Hm  =  ^ ;  a  portion  is  still  latent.   Had  myopia  existed, 

with  greatly  diminished  accuracy  of  vision,  the  patient  would  have  seen 
worse  at  two  feet  distance,  and,  what  is  decisive,  the  vision  of  remote 
objects  would  have  diminished  with  positive  glasses ;  with  negative,  on 
the  contrary,  it  would  have  increased.  Why  in  high  degrees  of  H  letters 
of  a  definite  size  are  seen  better  very  close  to  the  eye  than  at  a  distance 
of  1  foot,  shall  be  explained  in  the  Chapter  upon  Hyi)ermetropia. 

E.  He  says  he  can  see  quite  tcell  and  accurately,  particularly  at  a 
distance,  hut  that  his  vision  is  also  good  for  near  objects.  But  the  eye 
soon  becomes  tired ;  close  work  he  cannot  keep  up.  This  is  astheno- 
pia, to  be  treated  of,  in  detail,  in  a  separate  chapter.  Here  1  may 
just  observe,  that  in  the  great  majority  of  cases  H  is  the  ultimate 
cause  of  it.  We  should  try  whether  the  patient  can  read  at  6',  5', 
and  4' ;  whether  it  is  difficult  or  not.     We  cause  him  to  look  to  a 

distance  :  weak  positive  glasses  of  j^r,  ^,  etc.,  improve  or  at  least 

do  not  diminish  the  accuracy  of  vision.  Thus  the  presence  of  H  is 
demonstrated,  and  it  now  remains  only  to  determine  its  increase  by 
artificial  paralysis  (the  latent  H).  But  sometimes,  notwithstanding 
the  existence  of  asthenopia,  the  letters  at  a  distance  are  rendered 

somewhat  diffused  by  weak  positive  glasses,  for  example  of  ^^-  Can  we 

thence  inftr  the  abf^nce  of  H  ?  By  no  means,  it  is  almost  certain 
that  latent  H  exists.  We  must,  therefore,  in  such  cases  determine  P, 
and  afterwards  have  recourse  to  artificial  paralysis  of  accommodation. 

Should  it  thus  appear  that  no  H  exists,  -^  =  -^  — -  ^  will  be  found 

particularly  small,  and  we  thus  come  to  the  question  of  paresis  of 
accommodation^  which  is  infinitely  rarer  than  H. 

All  theae  oaaes  hang  opon  the  determination  of  R.    With  it  the 
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existence  or  non-existence,  and  at  the  same  time  the  degree  of  ame- 
tropia are  given.  Moreover,  we  could  in  the  simple  mannef  already 
described  determine  the  nearest  point ;  with  it  the  range  of  accom- 
modation    r=  y  ~  R  ^^  known.     With  the  increase  of  years  it 

diminishes  (compare  the  Third  Chapter,  p.  126),  and  vision  is  conse- 
quently considerably  modified.  Therefore  it  was  necessary  in  the 
foregoing  examples  to  suppose  a  definite  time  of  life,  and  we  chose  a 
young  man  of  20  years.  It  will  be  advantageous  to  bring  forward 
some  persons  of  more  advanced  agoi 

A   MAN   AGED   FIFTY    PEESENTS   HIMSELF. 

A.  In  good  light  he  easily  recognises  No.  II  at  20,  and  even  at  24 
inches.  No.  F  doubtfully  at  either  distance.  No.  I  not  at  all.  At  the 
distance  of  16  feet  he  recognises  the  letters  of  XX.     The  accuracy  of 

vision  is  therefore  practically  perfect.   With  rji  he  sees  less  accurately 

at  a  distance,  but  near  objects  with  much  greater  ease.  Our  conclu- 
sion is :  there  exists  only  Pr,  and  for  close  work  he  had  already 
been  obliged  to  use  spectacles. 

B.  He  cannot  read  without  spectacles.  Even  ten  years  ago  lie 
began  to  experience  difficulty  at  his  work.  At  a  distance,  however, 
he  then  saw  accurately,  bitt  now  he  sees  less  sharply :  No.  XX  he  does 
not  recognise,  at  the  distance  ^20  feet.  No,  XXX  doubtfully,  and 
the  letters  are  not  black.   We  may  be  nearly  certain,  that  in  this  case 

Pr  has  been  superadded  to  H.     With  -.  q  he  reads  No.  I  at  about 

12',  closer  with  greater  difficulty  :  the  accuracy  of  vision  is  perfect; 
the  existence  of  H  has,  properly  speaking,  been  already  proved  by 

seeing  at  12'  with  glasses  of  =-k.  Let  us  determine  it  by  looking 
at  a  distance ;  with  ^  vision  is  acute  as  well  as  with  j^'  ^^^  oi 
it  is  less  good.  H  exists  ==  ^^,     At  fifty  years  of  age  the  latent  H 

is  very  trifliug ;  we  need  not  determine  it.     Glasses  of  ^^  may  be 

constantly  worn  by  this  patient ;  for  reading  and  writing  something 
stronger  is  required. 

C.  "  He  has  always  had  excellent  sight,  saw  distant  and  remote 
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objects  exceedingly  well,  boasts  conceitedly  of  his  eyes,  but  has  for 
some  w&ks  observed  that  he  no  longer  sees  at  a  distance  so  accurately 
with  the  right  eye/'  He  reads  I  from  6"  to  12",  No.  11.  at  2,  bui  not 
No.  Ill  rt^  ^/eet  distil f ice.  We  infer  near-sightedness.  The  patient 
denies  it ;  is  surprised  that  he  cannot  recognise  Nos.  XX  and  XXX  at 
a  distance,  and  still  more  that  he  accurately  distinguishes  them  with 

glasses  of  —  ^.     The  eye  with  which  he  could  still  read,  but  could 

sec  less  accurat^^ly  at  a  distance,  appeared  to  be  affected  with  a  trace 
of  cataract.  • 

ITiese*  examples  may  suffice  to  point  out  in  general  the  mode 
of  looking  for  ametropia.  As  important  for  the  first  indication, 
I  shall  add  only,  that  many  hypermetropic  persons  complain 
of  asthenopia ;  myopics  for  the  most  part  know,  that  they  see  com- 
paratively less  accurately  at  a  distance ;  that,  moreover,  the  first  have 
usuiilly  a  shallower,  the  latter  a  deeper  eye-chamber,  while,  lastly,  the 
age  for  presbyopia  affords  an  indication. 

In  the  determination  of  R  with  the  aid  of  glasses,  the  distance  a? 
from  the  glass  to  the  nodal  point  i  of  the  eye  is  neglected.  In  using 
glasses  with  a  long  focal  distance  x  has  less  influence ;  but  when  those 
with  a  short  focal  distance  are  employed,  ^r  must  be  taken  into  account. 
If  wc  have  to  do  with  positive  glasses,  x  must  be  deducted  from  the 
focal  distance ;  if  with  negative,  it  must  be  reckoned  with  it.  This  has 
already  been  explained  (pp.  32  and  35) .  Thus,  if  myopia  be  neutralized 

by  glasses  of  —  -g>  and  if  ;r  =  1',  M  =  - ;  if  hypermetropia  be  cor- 
rected by  glasses  of  g,  and  if  ;r  =  1',  then  11  =  -. 

The  influence  of  x  may  also  help  us  in  the  determination  of  the 
degree  of  ametropia.  If,  namely,  an  equally  accurate  or  even 
a  more  accurate  image  was  obtained  with  the  glass  employed,  by 
moving  it  further  from  tlie  eye,  the  negative  was  too  weak  or  the 
positive  too  strong.  TVe  thus  know  what  glass  wc  should  sub- 
sequently try.  It  might,  perhaps,  be  supposed'that  wc  should  have 
only  to  determine  ^vith  the  glass  first  tripd,  x,  and  to  take  its  value 
into  account.  This  might,  however,  lead  to  an  incorrect  result.  My- 
opic individuals,  in  fact,  will  often  prefer  to  hold  a  glass,  though  it  is 
too  strong,  close  before  the  eye :  the  image  is  then  larger,  and  by 
some  tension  of  accommodation  they  prevent  its  being  diffused. 
Therefore  wo  must,  as  a  final  determination,  with  the  myopic  always 
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try  what  is  the  vreakest  glass,  which,  held  close  before  the  eye,  gives 
tlcfineil  iturige*  In  the  hypermetropic  we  run  less  risk  iti  taking  a 
it  value  of  X  into  account;  but  it  is  better  in  this  case  also,  to 
make  the  final  determination  with  a  glassj  which,  held  close  to  the 
eye,  give^  defined  images.  In  high  degrees  of  niyopiaj  and  where 
uuecrtiiiu  answers  are  given,  the  investigation  is  often  shortjcned  liy 

ascertaining  the  influence  of  weak  glasses,  for  example,  of  ^n  and 


40 


1 


-^  jj.,  nlteniately  held  before  the  stronger  negative  glass  placed  iu 

the  spectacle  frame. 

II.  In  the  second  place,  we  may  in  a  certain  sense  determine  more 
objectively  the  refractive  condition  by  means  of  examination  with 
the  ophthalmoscope.     The  great  inventor  of  the  instruitaent  has  not 

ly  pointed  this  out,  but  has  also  communicated  the  application  of 
method.  It  may  be  explained  in  a  few  words.  AcconHng  to 
well  known  laws,  the  rays  proceeding  from  a  point  of  the  retina,  re- 
fracted by  the  media  of  the  eye,  shall  have,  on  entering  the  air,  a 
direction  similar  to  that  of  the  rays  which,  falling  on  the  cornea, 


unite  in  the  same  point  of  the  retina. 


If  M  exists  =s  -,  the  point 


r,  whose  emitted  rays  unite  in  the  retina,  lies  8'  in  front  of  the  nodal 
point,  and  in  the  same  point  r  will  the  rays  emitted  by  the  retina, 

converging  in  front  of  the  eye,  unite.    K  II  exists  =  j-   there  unite 

apon  the  retina  rays,  which,  converging  to  a  point  r,  situated  10'  be- 
hind the  nodal  point,  fall  upon  the  cornea ;  and,  vice  versa,  the  rays 
emitted  by  the  retina,  having  reached  the  air,  are  diverging,  and  appear 
to  have  proceeded  from  the  said  points  Lastly,  the  emmetropic  eye  at 
rest,  which  has  its  focus  for  parallel  rays  in  the  retina,  gives  to  the 
rays  proceeding  from  the  retina,  when  they  reach  tlie  air,  a  parallel 
direction.  Consequently  the  eye  of  the  observer,  in  order  to  see 
accurately  a  non-inverted  image  of  the  retina  of  the  emmetropic 
eye,  must  be  adapted  for  parallel  rays;  on  the  contrary,  it  must  be 
adapted  for  converging  rays,  in  order  accurately  to  distinguish  that  of 
myopic  persons ;  and  for  diverging,  in  the  case  of  hypermetropic 
individuals.  Therefore,  if  the  observer  knows  the  condition  of  his 
eye,  with  which  he  sees  accurately  the  retina  of  another,  he  can 
fnnn  an  opinion  as  to  the  refractive  con»h'tiun  of  the  observed  eye.  It 
is  be<t  to  practise  oruVs  self  in  voluntarily  seeing  with  arc  om  mod  at  ion 
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for  one's  farthest  poiat  (ascertained  bj  mvestigation),  and  to  tiy  vfhaM 
glass  we  must  place  before  one^s  eye,  so  as  accurately  to  see  tbe 
vpiLsels  in  tbe  retina  of  another.  In  order  to  be  able  to  bring  the  most 
diirLTciit  glasses  before  the  eye,  I  have  had  a  ring  made  on  the  opli- 
thulinoscope,  adapted  to  hold  the  glasses  of  the  spectacle  box.  My 
eye  is  emmetropic  and  is  aecusitomed,  in  the  use  of  all  optical  instru- 
ments, to  adapt  itself  for  parallel  rays.     Now^  if  I  need  a  glass  of 


1 


see  a  retina  accurately,  myopia  of  -  exists ; 


if  for  thii 


Some  coire 


purpose  I  require  a  glass  of  yrr,  H  of  —  is  present, 

tion,  negative  for  M,  positive  for  11,  is  necessary,  both  for  tlie  distance^ 
between  the  observing  and  the  observed  eye,  and  for  that  between  the 
glass  and  the  observing  eye  (pi).  32  and  S5) ;  but  if  we  approach  as  much 
as  possible,  this  may  be  reduced  to  about  1"  ;  by  intruducing  tbis  cor- 
rection, therefore,  in  the  above  quoted  examples,  M  may  have  bee 

-andH  =  ^' 
9  9 

the  observing  and  the  observed  eye  we  have  a  means  of  estimating 

wlu'ther  we  should  try  a  stronger  or  a  weaker  glass.— If  the  eye  of  the 

observer  be  ametropic,  the  degree  thereof  is  easily  taken  into  account. 

If,  for  example,  the  same  glasses  as  above  had  been  necessary  for  an 

eye  with  M  =  z.-^,  the  eyes  examined  should  have  given  M  =  - 

J  _  1     u         1.1         1 

18^  18' 


^  -  and  H  =  -.  •   Moreover,  in  the  alteration  of  the  distance  betwe 


9  ^  18        6* 


Vice  versa,  where  the  same  glass 


were  required  for  an    observing  eye  with 


1 


the  M  found 


should  have  amounted  t'^^  +  Tji 


1    fl..TT  1  1  1 


In  observing  with  the  ophthalmoscope  in  tie  inverted  image  the 
estimation  is  more  difficult,  because  the  influence  of  the  objective 
glass  to  bo  held  before  the  eye  and  the  positiou  of  the  image  cannot 
be  well  defined.  High  degrees  of  myopia,  however,  manifest  them- 
selves immediately,  as,  without  holding  a  couvex  glass  before  the 
observed  eye,  we  see  the  inverted  retinal  image  stand  before  this  eye. 
So  far  as  we  can  determine  the  distance  from  this  image  to  the  eye 
we  know  also  the  degree  of  myopia, 

I  have  thus  given  the  principh^s  of  the  determination  of  ametropia^ 
with  the  aid  of  the  ophthalmoscope.    Generally  shaking,  this  method 
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is  inferior  in  acctiracj  to  the  determiuatiou  of  vision  with  glasses  of 
known  focal  distaDce.  1.  It  is  for  raauy  oWervers  tlil!icult|  in  the 
use  of  the  ophthalmoscope,  entirely  to  relax  their  power  of  aecommo- 
ition :  if  they  are  not  ccxlain  of  this,  the  method  is  inapplicable  to 
tiem»  He  who,  ou  the  contrary,  has  by  practice  att^iiued  so  far 
that  he  can  not  only  wholly  relax  his  power  of  aceommodation,  but 
jnstly  estimate  the  degree  of  voluntary  action,  can  very  ofte 
ally  employ  it.     I  know  this  by  my  own  experience. 

2.  Without  producing  paralysis  of  accommodation,  wc  are  never 
perfectly  sure  that  we  determine  the  refraction  in  the  condition  of 
rest. 

3.  It  is  sometimes  difficult,  at  least  when  strongly  negative  glasses 
are  required,  with  a  narrow  pupil  accurately  to  see  the  vessels  of  the 
retina* 

4.  The  vessels  which  lie  at  different  depths  in  the  fibrous  layer 
affonl  no  perfectly  correctly  situated  object  for  estimation. 

5.  Moreover,  siuch  a  vessel  is  not  a  suitable  object  to  determine 
with  precision  whether  we  sec  accurately.  Consequently,  the  method 
in  each  case  requires  a  great  degree  of  attention. 

6.  The  determination  in  the  line  of  vision,  which  it  cbiefly  con- 
cerns, is  for  the  most  part  diflicult  of  execution,  because  the  place  of 
the  yellow  spot  is  not  well  seen,  or  our  estimation  of  the  accuracy  of 
seeing  it  is  [>articularly  difficult. 

If  this  second  method,  therefore,  is  not  equal  to  the  first  in 
accuracy  of  results,  it  nevertheless  deserves  our  attention,  bec^iuse  it 
is  applicable  in  eases  where  the  first  whoUy  or  partly  fails  us.  This 
is,  in  the  first  place,  tme  in  all  young  childrcnj  Ukewise  in  the  blind, 
and  even  in  high  degrees  of  amblyopia,  where  the  knowledge  of  the 
refractive  condition  is  sometimes  of  great  importance,  rurther,  by 
this  method  we  can  better  and  more  easily  ascertain  the  degree  of 
ametropia  for  indirect  vision  than  by  the  first :  in  many  insiances  I 
have  by  it  alone  succeeded  in  satisfying  myself  that  the  myopia  for 
indirect  vision  was  less  than  when  the  patient  looked  in  the  line  of 
vision.  Besides,  the  want  of  fixation  of  a  hypermetropic  eye  ex- 
amined with  the  ophthalmoscope,  sometimes  gives  rise  to  more 
complete  relaxation  of  the  power  of  accommodation,  whereby  hypcr- 
metropia,  bt^nt  in  trials  of  vision,  may  manifest  itself.  Finally,  this 
method  may  be  of  great  use  in  simulated  ametropia. 
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NOTE  TO  CnAPTER  IL 

In  the  comTneDoement  of  this  Chapter  much  stress  was  laid  upon  the  necea- 
sity  of  drawing  an  acoiinite  distinctioa  between  the  anoraaliea  of  refractioil 
and  those  of  accommodation.  Each  eye  has  adetinito  refraction;  according  to 
this  the  first  diatinction  is  to  be  made.  Now,  whether  the  eye  be  emme- 
tropic or  amtitrapic,  in  either  case  it  ha^  a  power  of  accommodation,  and 
this  may  be  normal  or  abnormal.  Abnormal  acoommodatton  is,  therefore, 
aa  independent  of  refraction  as  any  other  disease  of  the  eye. 

In  ray  work  upon  Ametropia  and  its  resuita  {Ametropw  en  hare  ijei'tthfen), 
Utreobti  I860,  as  well  as  in  my  pajwrs  in  the  Archie  f,  Ophthalmologie, 
B.  iv.,  \L,  und  vii.,  1  had  prominently  put  forward,  as  the  basis  of  a  correct 
description  and  of  a  scientific  explanation,  the  distinction  just  alluded  to. 
Stellwag  von  Carion  now  thinks  {ZeUtichrift  dvr  k,  k.  GvsvlUchaft  dtr 
Aerzte  zu  fFiVii,  1862)  that  I  should  have  mentioned  his  merits  respecting 
this  point.     I  am  quite  prepared  to  do  so. 

In  bis  Essay,  entitled  die  AccommmlaiionH/Mer  des  Augea^  to  be  found 
in  the  SitzungahenchU  der  kaUerlichen  Akailemie  dcr  Wis^ctischqftcn^ 
Maihem, '  nnfiincifiHvHschafliiche  Khnse^  B.  xvi.,  pp»  187*281,  he  calls 
natural  visual  line  (natiirliche  SchltFtie)  the  line  of  accommodation,  to 
which  the  eye  in  absolute  inactivity  of  the  muscle  of  accommodation  is 
adapted.  His  natural  visual  line  is,  therefore,  the  farthest  point  of  dis- 
tinct vision,  considered  as  a  Czermaokian  line  of  accommodation.  **  Inas- 
much as  the  degree  of  the  greatest  possible  accommodation-pres^sure,  which 
the  eye  can  exercise,'*  he  a  ays.  '*  in  every  case  is  limited,  so  must  the  natu- 
ral visual  line  determine  the  position  of  the  nearest  point  of  distinct  vision, 
that  is,  of  the  nearest  final  point  of  the  shortest  line  of  accommodation " 
(p.  200). 

"This  degree/' he  oontinnes,  "  of  the  available  pressure-exciting  power 
of  the  muscle  of  accommodation,  on  the  one  side,  and  the  natural  visual 
line  on  the  other,  are,  therefore,  the  factors  which  determine  the  absolute 
visual  distance  of  the  eye,  the  length  of  the  line  connecting  the  farthest  and 
the  nearest  points,  as  well  as  the  position  of  the  latter  in  the  elongated 
optic  axis.  But  the  length  and  position  of  this  line  constitute  the  measure 
according  to  which  alone  the  form  and  degree  can  be  dtiturmined,  wherein 
the  dioptric  part  of  the  visual  function  deviates  from  the  normal  propor- 
tions. It  is,  therefore,  evident  that  the  defects  of  accommodation  of  the  eye, 
from  a  »cientifi€  jwini  of  vicw^  can  be  divided  only  into  those  depending 
upon  anatomical  disproportions  of  the  whole  eyeball  or  of  the  several  light- 
refracting  media;  further  into  thosOt  caused  by  limitation  of  the  function  ok 
th©  muscle  of  acoommodation  ;  and,  thirdly,  into  those  depending  upon  both 
causes/*  In  this  is,  in  fact,  contained  the  tirst  indication  of  a  distinction 
between  the  anomalies  of  refraction  and  the  disturbances  of  accommodation. 
Nevertheless,  the  hint  was  lost  upon  Stellwag  von  Carion  just  as  it  was 
upon  others.  He  immediately  adds  :  **  Such  a  division,  however,  renders 
treatment  difficult,  and  prevents  a  proper  view  of  the  subject  under  consi- 
deration.**    Had  he  tried  it,  perhaps  he  would  have  scon,  that  his  second  and 
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third  class  (in  order  not  again  to  mix  up  accommodation  and  refraction)  must 
be  reduced  to  one,  comprising  the  anomalies  of  accommodation  in  general^ 
independently  of  refraction,  and  perhaps  he  would  then  also  have  strictly 
adhered  to  the  ideas  of  myopia  and  hypermetropia,  or  would,  at  least,  not 
have  included  them  among  the  defects  of  accommodation.  But  he  adopts  a 
quite  different  (more  practical  ?)  method.  He  opposes  presbyopia  to  myopia, 
and  subsequently  passing  over  to  hypermetropia  (N.B.,  by  him  termed  hyper- 
presbyopia),  he  begins  by  calling  the  latter  a  higher  degree  of  presbyopia. 

I  regret  not  to  find  in  Stellwag's  work  the  merit  to  which  he  thinks  he 
has  a  claim.  Those  of  my  readers  who  take  an  interest  in  the  matter  will 
please  to  consult  his  treatise.  They  may  pass  over  the  less  successful 
mathematical  introduction  (compare  with  reference  to  it :  Zehender, 
AnUitung  z.  Studium  der  Dioptrik  des  menschlichen  Augcs^  Erlangen, 
1856.  p.  166),  which  deterred  so  many,  myself  among  the  number,  from 
the  earlier  perusal  of  this  essay. 

The  diagrammatic  sketch  of  the  anomalies  of  refraction  and  accommodation, 
in  which  the  commencement  and  termination  of  the  lines  represent  r  and  je), 
and  the  lengths  of  the  lines  the  range  of  accommodation,  I  first  applied  in 
the  Nederlandsch  tijdschrift  voor  geneeskundef  D.  II.,  1858.  The  idea  of  ex- 
pressing the  range  of  accommodation  by  a  lens  of  definite  focal  distance,  is 
to  be  met  with  so  early  as  in  the  masterly  work  of  Young  {Philosophical 
transactions,  1801). 


CUAFrER  III. 
PuLLEE  Development  of  the  Different  Meanings  of  Range 

OF   ACCX)MM0DATI0N. 

§  10.  Relation  between  accommodation  and  convergence  of  the  visiial 
lines;  Meaning of\\A,of\\A^  and o/\\  A^.  So  far  as  the  range 
of  accommodation  for  both  eyes  extends,  the  state  of  accommodation  of 
the  eye  corresponds  to  a  definite  convergence  of  the  visual  lines.  Thus 
the  emmetropic  eye,  with  parallel  visual  lines,  is  accommodated  for  in- 
finite distance;  with  a  convergence  at  8',  for  a  distance  of  8',  &c.  Unmis- 
takably, therefore,  a  connexion  exists  between  convergence  of  the  visual 
lines  and  accommodation,  to  which  Porterfield*  and  John  Muellert 
ahready  directed  attention.  Both  these  observers,  however,  appeared 
to  assume,  that  this  connexion  is  absolute  and  causal ;  that  a  definite 
convergence  is  necessarily  attended  with  a  definite  accommodation,  and 
admits  of  no  other ;  it  was  thought  that  only  beyond  the  limits  of  ac- 
commodation a  greater  or  less  convergence  was  possible,  to  which  the 
accommodation,  respectively  for  the  nearest  and  farthest  point  of 
distinct  vision,  should  then  still  correspond.  Now  this  is  incorrect. 
Even  Volkmann  showed,  J  that  also  within  the  limits  of  the  range  of 
accommodation  such  absolute  dependence  does  not  exist,  and  I  §  gave 
further  proofs  of  this  by  simple  experiments,  which  were  capable  at  the 
same  time  of  determining  the  degree  of  independence.  The  ex- 
periments were  made  partly  with  convex  and  concave,  partly  with 
weak  prismatic  glasses.  It  is  easy  to  convince  one^s  self  that  both 
eyes  together,  as  well  without  as  with  shghtly  concave  or  convex 
glasses,  can  accurately  see  an  object  at  a  definite  distance,  and  that, 
consequently,  without  change  of  convergence,  the  accommodation  can 
be  modified.  With  equal  ease,  we  observe  that,  in  holding  a  weak 
prism  before  the  eye,  whether  with  the  refracting  angle  turned  in- 

•  A  Treatise  on  the  Eye,  Vol.  I.,  pp.  410  et  seq.     Edinburgh,  1759. 
t    Vergleichende  Physiohgie  des  Gesichtssinnes,  1826,  p.  216. 
X  Neue  Beitrdge  zur  Fhysiologie  des  Gesichtssinnes,  1836,  p.  148. 
§  HoUandisehe  Beitrage  zu  den  anat.  u.  physiol  Wissenschaften  heraus- 
gegeben  von  van  Been,  Bonders  a.  Molesohott,  1846,  B.  1,  p.  -379. 
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wards  or  outwards^  an  object  can  be  accurately  seen  with  both  eyes 
at  the  same  distance,  and  that,  consequently,  the  convergence  may  be 
altered,  without  modifying  the  accommodation.  When,  therefore,  it 
is  required  for  the  sake  of  distinct  vision  with  both  eyes,  the  con- 
nexion between  convergence  and  accommodation  can  be,  at  least 
partially,  overcome.  I  early  stated  the  method  of  determining  how 
far  the  independence  existed.  Some  time  afterwards  it  was  applied 
with  the  requisite  accuracy.* 

The  question  is  very  simple  :  it  is  only  necessary  to  know  Rj  and 
Pi  with  parallel  visual  lines  and  with  a  series  of  converging  degrees 
(to  the  maximum),  and  these  we  find,  by  a  calculation  from  the 
nearest  and  farthest  points,  discovered  by  means  of  different  convex  and 
concave  glasses.  For  accurate  determination,  however,  a  special  opto- 
m^r  is  required,  which  shall  be  described  at  the  end  of  this  section. 

The  results  of  the  examination  of  the  emmetropic  eyes  of  a  person 
aged  15,  are  represented  in  the  annexed  Figure  (57). 

Fig.  57. 
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At  different  points  of  the  diagonal  k  k,  intersection  takes  place 
between  the   transverse  lines,   before   which,   in  Parisian  inches, 

•  Conf.  Mao  Gillavry,  Onderzoekingen  over  de  hoegrootheid  der  Accommo- 
datie,    Dis8.Mnaug.,  Utrecht,  1858. 
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the  distances  are  placed;  and  the  longitudinal  lines,  under  which  tie 
degrees  of  convergence  of  the  visual  lines  corresponding  to  the  dis- 
tances are  noted.  The  mutual  distance  of  the  visual  lines  of  the  two 
eyes  in  the  parallel  state  amounted  to  28^',  in  which  case  (compaie 
the  figure),  at  a  distance  of  12',  a  convergence  of  11**  21',  at  a  dis- 
tance of  6',  a  convergence  of  22''  50',  etc.,  exists.  The  hnep^p^f 
represents,  in  the  consecutive  convergence,  the  course  of  the  nearest 
point,  the  line  r  r^  that  of  the  farthest  point.  The  dots  in  these 
lines  are  the  points  determined  by  investigation. 

Now  the  figure  shows  that  the  eyes  here  supposed  with  paraUd 
visual  lines  can  accommodate  from  infinite  distance  up  to  11',  with 
22^  50'  convergence  from  about  12"  to  4M6,  etc.  At  j»„  where  the 
line  of  nearest  points  cuts  the  diagonal  X*  X*',  we  attain  the  shortest 
binocular  distance  P^  of  distinct  \ision.  With  still  stronger  con- 
vergence, for  example,  46*^  38',  the  linep^p  remains  under  the  diar 
gonal  k  Uy  so  that  accommodation  can  no  longer  take  place  for  the 
point  of  convergence  which  here  lies  only  3"  from  the  eye :  the 
nearest  point  with  that  convergence  lies,  namely,  as  appears  from  the 
figure,  at  about  3". 8.  The  absolute  nearest  point  p  lies  somewhat 
closer  still,  and  in  fact  at  3".69,  but  for  this  a  convei^nce  of  about 
70^  is  required,  that  is  at  a  distance  of  about  2".  With  this  maxi- 
mum of  convergence  all  space  for  accommodation  is  lost,  and  there- 
fore the  lines  p^  p^  and  r  r,  cut  one  another. 

Erom  the  foregoing  it  appears,  that  in  every  one  who  has  two 
sufficiently  equal  and  movable  eyes,  we  may  distinguish : — 

1.  The  greatest  distance  of  distinct  vision  R,  (in  figure  58  as  oo 
atr). 

2.  Tlie  shortest  binocular  distance  of  distinct  vision  Pj  (in  the 
figure  =  3.9  at/?^)- 

3.  The  absolute  shortest  distance  of  distinct  vision  P,  with  the 
maximum  of  convergence  (in  the  figure  =  3". 69  at  j»). 

4.  Relatively  shortest  distances  of  distinct  vision  P,,  at  each  given 
convergence  (for  example,  in  the  figure  at  22^  50',  P,  =  4M6). 

5.  Relatively  greatest  distances  of  distinct  vision  R^,  at  each  given 
convergence  (for  example,  in  the  figure,  with  22^  50'  convergence, 
Ri  =  12'). 

By  the  determination  of  these  several  distances,  three  difiTerent 
meanings  with  as  many  values  of  accommodation  are  to  be  obtained. 
I.  The  absolute. 


ABSOLUTE,  BINOCULAR.  AND  RELATIVE. 
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111.  Tlic  relative. 


They  are  all  to  be  deduct d  from  Fig*  57. 

Now  in  the  foregoing  sections  wc  spuke  only  of  the  absolute  range 

of  acoouimodation*  comprising  the  accommodation  from  the  absolute 

farthest  point  r  to  the  absolute  nearest  point/?,  for  each  eye  in  par- 

1           11  1 

ticular :  in  the  figure  this  is  -r-  ~ =  — —  . 

The  binocular  comprUca  the  accommodation  from  the  farthest 
|w>int  r^  for  both  eve«  at  once,  to  the  ne^ire^t  point  p.,  for  both  eyes 
at  once.  In  the  emmetropic  eye,  r^  coincides  with  /*,  and  the  bin- 
ocular range  of  accommodation,  to  be  deduced  from  Fig.  57,  is  con- 
aequentiv, 

L  -     1       ^    _     1 

A,  ~  3  9  Q^  ^  8  9  * 
Finally,  the  relative  is  the  range  of  accommodation  over  which  we 
have  control  at  a  given  convergence  of  the  visual  lines.  It  represents 
the  degree  in  which  accommodation  is  independent  of  convergence, 
and  isj  for  every  convergence,  mcasnred  by  the  distance  between  the 
lines/i,  ^,/>  and  f  f,.  On  referring  to  the  figure  it  now  appears 
that,  with  increasing  convergence,  the  relative  range  of  accommoda- 
tion becomes  ni  first  greater,  then  less,  until  at  the  maximum  of  con- 
vergence, where  the  lines  mentioned  meet  one  another  (injs)  it  is  = 
0.  On  consulting  the  figure  in  detail  we  sec  that^  with  parallel 
visual  lines, 

1-    1_   l-~  i 

A,"l    1  QC      ~    ll' 

and  that,  Mith  a  convergence  of  11*^  21', 

1^ 1,        J    _  J_ 

A.  "  5-33  ~  72  "  576 

already  attains  the  maximum.     Throughout  some  degrees  .-   now 

continues  nearly  unchanged^  at   the  convergence  of  22^  50'  it  is 
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diminished  to  x-r,  and  at  the  binocular  nearest  point,  with  a  con- 

vergenc5e  of  about  38®,  still  amounts  to  -g. 

It  is  of  importance  further  to  observe,  that  the  relative  range  of 
accommodation  consists  of  two  parts :  a  positive  part  and  a  negative. 
The  dij^onal  k  U  represents  the  convei^ences  of  the  visual  lines :  the 
part  situated  above  this  diagonal  is  the  positive,  that  situated  beneath 
it  is  the  negative.  The  first  represents  what,  reckoning  from  the 
point  of  convergence,  we  can  accommodate  still  nearer,  the  latter 
what  we  can  accommodate  still  farther  off.  For  example  (compare 
Pig.  57) :  the  emmetropic  eye  is,  under  a  convergence  of  11®  21',  that 
is  at  12',  in  ordinary  vision  accommodated  for  this  distance  of  12'; 
but  the  accommodation  may,  with  the  same  convergence,  be  made 
more  tense,  for  a  distance,  namely,  of  5*33',  and  it  may  likewise  be 
relaxed  to  distinct  vision  at  a  distance  of  72".  The  first  is  evident, 
since  with  negative,  the  second,  since  with  positive  glasses  of  definite 
strength,  at  the  distance  of  12',  with  both  eyes  at  once,  accurate 
vision  can  be  attained.  At  11®  21',  therefore,  p^  h^  is  the  positive, 
Aj  r^  the  negative  part  of  the  relative  range  of  accommodation.  They 
are  calculated  as 

the  positive    =^-l^=^g, 

the  negative  =    j^   -  72  =  j^:^' 
so  that  at  11°  21',  in  the  case  investigated,  we  find 

A,       9-6  ^  14-4       5-76' 
that  is,  as  above. 

A  glance  at  the  figure  now  shows  further,  that  in  the  emmetropic 

eyeatoo   (parallel  visual  lines)  -^  is  wholly  positive,  that,  with  in- 

creasing  convergence,  the  negative  part  rapidly  increases,  soon  also 

at  the  expense  of  the  positive,  and  that  at  36®  convergence  j-  has 

become  entirely  negative. 

The  distinction  here  made  already  acquires  practical  importance 
from  the  fact,  that  the  accommodation  can  he  maintained  only  for  a 
distance,  at  which,  in  reference  to  the  negative,  the  positive  part  of 
the  relative  range  of  accommodation  is  tolerably  great. 
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It  is  not  in  every  one  that  we  can  satisfactorily  determine  the  ranges 
of  accommodation  corresponding  to  different  degrees  of  convergence.  For 
this  purpose  two  freely  moveable^  accurately  seeing  eyes  of  nearly  equal 
refraction,  and  equal  accommodating  power,  are  in  the  first  place  required, 
and,  in  addition,  some  talent  for  observation.  Each  of  these  requisites  was 
perfectly  met  with  in  the  person  aged  fifteen,  who  supplied  the  data  for  Fig. 
57.  The  determination  requires  special  care.  As  object  we  may  take 
wires,  which  are  to  be  finer  in  proportion  as  the  point  to  be  defined  is 
nearer  to  the  eye.    Accurate  results  may  also  be  obtained  by  the  use  of  little 

holes  (from  —.  to  —  in  diameter)  in  a  black  metal  plate,  with  a  back- 
ground of  dull  glass  turned  towards  the  clear  daylight.  Soon  the  accom- 
modation for  the  holes  is  no  longer  perfect,  they  lose  their  round  form  and 
rapidly  emit  rays.  With  different  glasses  of  known  positive  and  negative 
focal  distance,  at  different  degrees  of  convergence,  the  greatest  and  least 
distances  of  distinct  vision  are  now  to  be  determined.  At  the  same  time, 
in  order  to  obtain  correct  results,  care  must  also  be  taken  that  the  distance 
of  the  glasses  from  the  eye  shall  remain  unalterably  the  same ;  lastly,  that 
at  each  degree  of  convergence  the  axis  of  the  glass  shall  nearly  coincide  with 
the  axis  of  vision.  In  order  to  fulfil  these  conditions,  an  optometer  has 
been  constructed  (Fig.  58),  partly  in  imitation  of  that  of  Hasner,  Edlem 


Fig.  58. 


"^^ 


von  Artha  {Prayer  Vierteljahrschrift  f.  praktische  Heilkunde^  1851.  B. 
xxxii.,  p.  166).  Our  optometer  consists  of  a  horizontal,  oblong,  quadrangular 
board  B  B,  placed  on  a  stand  S,  The  board  is  nearly  five  feet  long, 
nine  Parisian  iucbes  in  breadth  (compare  particularly  Fig.  59,  representing  a 
part  of  the  board) ;  it  possesses  three  parallel  grooves  ««'»',  in  which,  by 
means  of  a  couple  of  copper  handles  (/i  A),  a  well-fitting  rod,  x,  with  per- 
pendicular bar  can  be  inserted,  bearing  the  wire-optometer  o,  or  the  plate 
with  fine  openings.  The  mutual  distance  of  the  two  external  grooves 
amounts  to  28  J'",  and  therefore  corresponds  to  that  of  the  parallel  visual 
lines ;  if  the  object  moves,  as  in  Figs.  58  and  59,  in  the  middle  groove, 
then  both  eyes  contribute  equally  to  the  convergence.  The  one  extremity  of 
the  board  has  a  notch  A"  for  the  nose  of  the  person  under  examination ;  in 

2 
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front  of  Mb  eyes  are  two  half-rings  r  r,  supporting  the  glaases.    Eaeh  of 
these  rings  b  moveahle  in  an  arched  groove  (a  a)  (whose  centre  of  carratnn 


lies  in  the  centre  of  motion  of  the  eye,  while  the  anterior  surface  of  the  cornea 
coincides  with  the  crossed  lines),  present  in  the  small  microscopes  m  tn,  which 
are  applied  at  hoth  sides.  The  position  of  the  eyes  is  fixed  hy  two  wooden 
rods  (5  b)t  which,  drawn  out  at  pleasure,  are  fastened  by  screws  under  the 
board,  and  against  which  the  cheeks  rest.  The  ring-bearing  grooves  are  in  two 
copper-plates  P  JP',  which  by  means  of  the  screws  v  v  can  he  brought  to  one 
another  and  are  kept  separate  by  springs.  The  mutual  distance  of  these  plates 
is  read  off  on  the  scale  d.  During  observation  the  distance  of  these  plates 
must  correspond  to  the  mutual  distance  of  the  two  parallel  visual  lines.  (This 
distance  can  be  determined  with  an  instrument,  described  under  the  name 
of  visuometer  by  Alfred  Smee  ( The  Eye  in  Health  and  in  Disease,  London, 
1854),  and  constructed  upon  the  principle  laid  down  by  Hawkins.  We  make 
use  of  a  similar  instrument:  two  short  cylinders  of  small  diameter  are 
moveable  along  a  divided  bar  ;  the  head  being  fixed,  one  eye  sees  a  distant 
object  in  the  centre  of  one  of  the  cylinders ;  the  second  cylinder  is  now 
moved  until  the  other  eye  sees  the  same  object  in  its  centre.     Each  eye  is 
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then  alternately  olosed  a  few  times^  in  order  to  make  sure  that  the  object 
stands  in  the  centre  of  the  GyUnderSf  afterwards  the  person  looks  onoa  more 
irilh  both  eyes,  and  the  mutual  dist^ince  of  the  cylinders  is  read  off 
on  the  diTided  bar.  This  distanoo  is  then  transferred  to  the  plates  P  P'  of 
the  optometer).  If  the  half-rings  in  the  grooves  n  a  he  now  placed  at  0**, 
tlbe  eyes  see  remote  objects  throui^h  the  axes  of  the  glasses  placed  in  tlio 
rings.  In  this  position  the  absolute  farthest  point  r  and  the  nearest  point 
p,  with  parallel  visual  lines,  are  determined.  With  these  determinations 
we  begin;  the  optometer-object  is  taken  away,  and  an  object  some  metres 
distant  is  employed^  whether  vertical  black  lines  on  a  white  surface,  or  an 
opening  of  about  V*  diameter,  in  a  b!ack  plate  turned  towards  dull  glass, 
awarding  as  ft  wire-optometer,  or  a  plate  with  fine  holes  is  thought^  prefer- 
able for  the  determination  at  ditterent  degrees  of  convergence.  We  iind  r 
with  the  weakest  negative  or  the  strongest  positive  glass,  with  which  the 
remote  object  is  accurately  seen  j  on  the  contrary  pi  with  the  strongest 
negative  or  weakest  positive.     It  is  only  necessary,  in  addition,  to  take  Int'O 

Qunt  the  distance  at  which  the  glasses  are  from  the  eye  ;  in  this  cascp 
the  object  remains  fixed  in  its  place,  the  distance  in  question  may  be 
modi^ed  as  necessary,  by  pressing  in,  or  drawing  out,  the  rods  6  b  from  the 
«>{»tometer. 

If,  noWj  r  and /I,  the  visual  lines  being  parallel  (eotnparo  Fig.  37),  be  known, 
we  place  the  object  on  the  optometer,  and  determine,  without  glasses,  the  near- 
est point  of  binocular  vision  p^ ;  only  in  old  people,  and  in  high  degrees  of 
hjpermetropia  are  glasses  required  for  the  determiaalion  of  ;i>  For  the  further 
determination  of  ;*i  and  r,,  at  difterent  degrees  of  convergence,  I  formerly — 
(oonf.  ilac  GOlavryi  '*i*i't'  de  htM^i/rmdheid  ran  het  ijccofumodiifiv-vermot/en  (on 
the  extent  of  the  power  of  accommodation),  Utrecht^  1858)— placed  the 
optmneter-ohject  at  such  a  distance,  that  it  was  seen  at  a  convergence  of 
precisely  10°,  20 '-^  30^,  etc. ;  and  removing  eiteh  of  the  two  rings  re- 
fipectively  5*,  lO*',  15**,  etc.,  we  found  by  expenraent  the  ntrojigest 
positive  and  the  strongest  negative  glasses  with  which  the  object  could  be 
acourately  seen  at  each  of  these  distances.  Apparently  this  method  was  simple 
and  good  ;  but  it  nevertheless  gave  no  accurate  results :  by  the  long-con- 
tinued trial,  the  musoular  system  for  accommodation  becomes  fatigued, 
and  along  with  the  saorirtce  of  tiiuLh  time,  we  obtain  too  great  a  distance. 
We  acquire  a  sufficient  number  of  points  with  much  greater  rapidity  and 
certainty  by  successively  determining  with  some  suitably  ohosen  positive 
and  negative  glasses,  the  nearest  and  farthcist  points,  by  moving  the  opto- 
meter object,  according  to  whose  distance  the  lens-bearing  rings  must  be 

Bred  in  the  arched  grooves.  The  distances  thus  give  directly  the  conver- 
»  at  which  %*ision  took  place,  and  by  taking  the  gJ  isses,  wherewith  this 
(  poBsible,  into  account,  ^,  and  r,  are  found  for  the  oonvergenoe.  liy  this 
method  I  mark  for  each  glass  first  the  nearest,  and  then  (if  the  distance  is 
positive  and  occurs  on  the  optometer)  the  farthest  point,  and  afterwards 
wait  a  few  minutes  before  passiug  to  the  determination  with  another  glass, 
Laotly,  the  absolute  nearest  point  p  is  sought.  This  is  not  unfrequently 
ftttended  with  difficulties.  In  those  who  voluntarily  converge  very  strongly, 
it  ofbrsn  suo<jeeds  best  by  looking  with  each  eye  separately,  while  the  other 
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eje  is  eorered  with  a  diae,  at  the  maYimnm  of  eoaTergenee ;  in  doing  ao  we 
maj  also  use  podtiTe  glasses.  Where  there  is  less  mohiHtf  of  t^  eyes 
inwards,  and  in  general  in  those  who  are  stronglj  mjofiCy  p  eoineides  with 
/>x,  or  the  necessarj  eonvergenee  for  ^.  is  eren  not  obtainable. 

After  this  general  description,  the  mode  of  calcolation  maj  be  still  more 
aoenrately  indicated  in  a  conple  of  plain  selected  examples.  Haying  dete^ 
mined  r  and  pi  with  parallel  yisnal  lines,  and  pi,  for  which  no  ealenlation 

isneoessarj,  let  OS  find:  with  —  —  the  binocular  nearest  point  at  6*  firom  the 

eye,  that  is  with  a  oonyergenoe  of  22^  50' ;  the  question  now  is,  whatpi  at 
that  convergence  actnallj  amounts  to?  We  find:  the  rays  from  the 
aocnratCy  seen  object  diverge  firom  a  point  situated  6'  in  front  of  the  eye, 

^  —  {f,b  =  5'.5  in  front  of  the  glass.     Refracted  by  the  glass  of  —  i' 

they  appear  to  diverge  from  a  nearer  point,  namely : 

^b\  "^  12  ""3.77/ 
from  a  point  3'*77  frx)m  the  glass,  and  therefore  3*77  +  05  =  4'-27  from  the 
eye.     With  a  convergence  of  22** 50' therefore /ii  =  4''27.    Let  this  distance 
be  noted  on  the  fourth  line,  under  which  22^50^  stands. 

A  farthest  point  r^  is  not  to  be  determined  with  —  —  >  because  the  eye  at  the 

same  time  becomes  hypermetropic  and  r  thus  oomes  to  lie  beliind  the  eye. 

With  --•  on  the  contrary,  both  n  and  />,  are  to  be  found  at  a  certain  con- 

vergenoe.     Let  us  begin  with/>i.     Let  us  find  with  —  the  binocular  nearest 

point  precisely  at  3',  that  is  at  2'-5  from  the  glass.  In  front  of  the  glass 
therefore  the  rays  diverged  from  a  point  2'.5  distant ;  refracted  by  the  glass, 
on  the  contrary,  they  appear  to  proceed  from  a  point  situated 

V2-5       12       ;il6/ 
3M6  before  the  glass,  3'.66  before  the  nodal  point  of  the  eye.     With  a  con- 
vergence of  3',  that  is  of  46^  38', ;?,  lies  therefore  at  3'.66. 

Now,  further  let  the  binocular  farth^lt  point  be  found  with  the  same 

glasses  =  ^  at  8*.     Thence  r,  with  a  convergence  to  8',  can  be  calculated  : 
12 

the  rays  diverge  from  a  point  situated  7'.5  from  the  glass ;  after  having 

passed  through  the  glass,  they  diverge 

^7i  12  20^ 
from  a  point  situated  20*  in  front  of  the  glass,  20'-5  before  the  nodal  point 
of  the  eye.  We  therefore  make,  under  the  point  where  the  distance  of 
8'  cuts  the  diagonal,  a  dot  corresponding  to  the  distance  of  20''5.  It  repre- 
sents r,  at  a  convergence  to  8'.  By  making  similar  calculations  with  some 
other  glasses,  we  soon  have  dots  enough  to  deduce  ^i  pi  p  and  r,,  and  thus 
all  questions  respecting  the  range  of  accommodation  in  an  individual  are 
answered. 
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I  §  11.  Differenee  of  the  relafwe  range  of  accommodation  1 :  Aj,  ac- 
^m  carding  la  the  refractive  condition  of  the  eye* 

^M  We  closed  the  preceding  section  with  a  practical  reaultj  namely  : 
^Bthat  accommodation  can  be  maintmned  only  for  a  distance,  when^  in 
H  reference  to  the  negative,  the  positive  part  of  the  relative  range  of 
H  aocommodntion  is  tolerably  great, 

^K  In  connexion  with  this  point  it  is  of  special  import^ance  to  show, 
^HUmt.  the  relative  range  of  accommodation  in  ametropic  eye^^is  some- 
■■thing  quite  different  from  that  in  emraetropic.  The  difference  is  of 
^^a  twofold  nature*  In  the  first  place,  with  a  given  convergence,  the 
|H^lation  of  the  positive  to  the  negative  part  of  1 :  Ai  is  not  the  same ; 
•^  in  the  second,  the  lines  p^  p^  p  and  r  j\  have  another  fonn. 

We  shall  first  treat  of  the  relation  of  the  positive  to  the  negative 
part  of  1 :  A,,  We  may  also  thus  express  what  we  have  said  on 
this  point :  the  relative  range  of  accommodation  has,  in  reference  to 
the  refraction  of  the  eye,  a  totally  different  position  with  reference  to 
the  line  of  the  convergences  k  k\  Fig.  60  ilWtrates  this  in  detail  This 
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diagram  coDtnins  tlie  curve?^  of  the  nearest  nml  of  the  forthost  pom 
in  a   myopic  eye  M,  and  in  a  hypermetropic  II.     Both  requif 
further  expUnation*     First  as  to  M.     The  beginning  of  the  line  r  i 

showsj  that  we  have  to  do  with  a  myopia  of   —^  ;  the  farthest  bino- 

5.33 

cdar  point  r,  is  found  at  5',     Up  to  this  distance,  that  i?  up  to  a 
ronvergence  of  about  28*^,  1  :  Ai  ia  altogether  positive.     Now^  how- 
ever,   a   negative   part  is  rapidly  developed,    which   even   at  34*^      i 
amoants  |p  half  the  positive.     So  far  1 :  A,  was  always  increaBing^l 

and  here  attains  as  a  maximum,  ^, ,  while  the  total  mnge  of  accommo- 


^4' 


Henceforth^   however^    1  :  Aj 


4 


dation  araounts  to  1 :  A  =  -ri , 

minishes  a  little;  but  the  negative  piirt  becomes,  meanwhile, 
greater  and  greater,  and  indeed  up  to  about  50*^,  where,  the 
diffifullies  of  convergence  increasing,  the  farthest  point  begins  so  to 
approach,  that  at  about  68*^  it  coincides  with  the  point  of  con- 
vergence. At  this  mua-lumm  convergence  still  stronger  tension  of 
accommodation  is,  however,  possible,  as  the  perpendicularly  as- 
cending Hue  r,  p,  here  still  reprei*eoting  about  1 :  A,  =  1 :  18, 
shows.  Hence  we  sec,  that  in  high  degrees  of  myopia,  at  the  maxi- 
mum of  convergence  also,  a  certain  range  of  accommodation  still 
remains,  and  the  more  so  in  proportion  as  the  convergence  itself  is 
mare  limited.  Moreover,  this  diagram  shows,  that  in  myopia  in  the 
domain  of  binocular  vision,  the  negative  part  of  1  :  A^  is  very  slight* 
On  the  contrary,  the  convergence  is  often  very  limited.  Hence, 
therefore,  it  follows,  that  in  the  higher  degrees  of  miopia,  the  difficultly 
of  maintainmg  fAnoeidar  vision  dn/^s  nol  proceed  from  Icnskm  if 
dccommodation^  but  rather  from  dlQhuU^  of  convergence,  J 

In  those  degrees  of  myopia  where,  as  in  the  above  diagram.  Fig. 
60,  JO  lies  closer  to  the  eye  than  the  nearest  point  of  convergence  of 
the  visual  lines^/?.j  is  wanting  ami  gives  place  to  rV  As  binocular 
range  of  accommodation  nothing  else  can  be  assumed  than  - 

A,       fc       li/ 
where  R':  represents  the  distance  from  the  point  ra  to  the  nodal- 
point  of  the  eye.  I 

We  now  pass  over  to  the  consideration  of  the  hypermetropic  eye 
H  of  Fig.  60.  Here  we  find,  just  as  in  the  emmetropic  eye  (Fig* 
57),  p^  pj  Pf  as  the  curve  of  the  course  of  the  nearest  points. 
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and  r^  r,^  as  that  of  the  course  of  the  farthest  points^  both  in  rela- 
tion to  the  convergence.  But  besides  these,  we  find  a  dotted  bne 
r,  r„  ;  the  latter  requires  further  explanation.  Thus,  as  has  already 
been  observed,  the  hypermetropic  individual  does  not  completely 
relax  his  power  of  accouitiiodation.  In  h:>oking  at  a  distance  in 
the   case  of   a   hypermetropic    subject,   aged    16,    registered    in 

Ihc  scheme^   the  preference   was  given  to   glasses  of    —     above 

stronger  ones  ;  consequently  there  existed  —  manifest  hypermetropia 

H^  represented  by  the  point  r^.    But  after  artificial  ppiralysis  of  the 

1        1' 
power  of  accammodation  (by  sulphate  of  atropia),  glasses  of  -,  at— 

from  the  nodal  point,  were  required  in  order  to  see  accurately  at  a 

distance,  so  that  the  total  hypermetropia  H|  amounted  to  -— .    Now 

7'5 

this  is  e?tpressed  by  the  point  r,.  In  this  state  of  paralysis  the  refrac- 
tion remains,  on  convergence,  unaltered  f  we  cannot,  therefore,  in- 
vestigate where  the  farthest  point,  at  different  decrees  of  convergence 
should  lie,  if  the  involuntary  spasmodic  contraction  did  not  exist, 
and  Ti  r^tp  is  consequently  only  an  imaginary  line,  connecting  the 
absolute  farthest  point  n  with  the.  absolute  nearest  point.  It  appears 
that  the  total  range  of  accommodation  amounts  to 
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Is  To  the  relative,  we  see  it  is  particularly  great,  diminiBhes  toleral>ly 
aniformly  as  the  convergence  is  increased,  and  that  its  positive  part, 
which,  when  the  visual  lines  are  parallel,  is  not  inconsiderable,  on 
^nvergcnce  to  9'  (with/?,)  under  an  angle  of  from  lO*^  to  17*^,  be- 
comes completely  negative,  and,  moreover,  rciniiins  negative.  If  we 
reckon  Erora  the  absolute  larthcst  point  f„  the  positive  part  amounts, 
the  \i5ual  hues  being  parallel,  to  only  half  of  the  negative ;  if  we 
reckon  from  the  manifest  forthest  point  r,„  the  po^Jitive  part  is  at 
first,  it  is  true,  greater,  but  we  observe  that  even  at  a  convergence 
of  5*^  the  relation  is  inverte^l.  In  connexion  witli  the  practical  result 
expressed  above,  we  thus  come  to  the  conclusion,  that  with  this  degree 
of  hypermetropia,  eyes  cannot  long  consecutively  accommodate  them- 
lelves  to  the  point  of  intersection  of  their  visual  lines.  With  still 
higher  degrees  of  hypermetropia,  as  shall  hereafter  api>ear,  binocular. 
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and  with  the  highest  degree  (absolute  hypennetropia)  even  monocular 
vision  is  never  acute. 

The  foregoing  applied  to  the  position  of  the  range  of  accommoda' 
tion,  with  reference  to  the  convergence  of  the  visual  lines. — ^We  must 
now  take  the  fonn  of  the  curves  into  closer  consideration.  Even  in 
Fig.  60,  we  see  that  the  curves  of  M  are  concave  upwards,  while 
those  of  H  are  convex  upwards.  If  with  this  we  compare  Pig.  57, 
it  appears,  that  the  curves  for  the  emmetropic  eye  keep  the  mean  be- 
tween M  and  H.  The  reason  of  this  lies  in  the  fact  that,  with 
slight  convergence,  a  myopic  eye  can  accommodate  proportionally 
less;  a  hypermetropic,  on  the  contrary,  more  (but  also  must  so 
accommodate)    than    the   emmetropic.      The    diagram    Fig.    61, 
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will  make  this  plain.  It  contains  the  curves  of  the  nearest  and 
farthest  points,  as  function  of  the  convergence,  both  for  the  em- 
metropic eye  E  (the  middle  ordinary  lines),  and  for  the  myopic  M 
(the  dotted  lines),  and  for  the  hypermetropic,  H  (the  striped  and  dotted 

lines) ;  -^  is,  in  order  to  facilitate  comparison,  assumed  =  - ;  and 
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the  raaximum  of  convergence  is  taken  at  59^  20'.  The  letters  E, 
M,  and  II  are  place<l  before  the  farthest  points,  as  defiuiug  the  re- 
faction ;  H^  (nifinifcst  hvpermetropia)  stands  before  r  the  manifeU 
farthest  point,  \h  (total  hyperinetropia),  before  /•,  the  absolute  farthest 
point.  In  other  respects,  tlie  letters  have  the  same  signification  as 
in  Fig.  60,     Now  the  study  of  this  diagram  shows  : — 

L  That  with  parallel  visual  lines,  the  emmetropic  eye  can  bring 

into  action  about  ^,  the  myopic  only  — ,  the  hypermetropic,  on 

the  contraryj  ^  of  its  t-otal  power  of  accommodation, 

2.  That,  with  slight  convergence,  the  myopic  eye  can  accommo- 

Ldate  much  less,  the  hypermetropic  on  the  contrary,  much  more  (but 

ralso  mast  do  so)  than  the  emmetropic.      Compare  particularly  the 

eturre  t  r^  which  for  the  myopic  eye  at  first  runs  nearly  transversely, 

for  the  hypermetropic  strongly  ascends. 

S^.  That  with  stronger  convergence,  the  accommodation  of  the 
myopic  eye  can  still  increase  much,  that  of  the  hypermetropic  only  a 
little.  We  see,  with  a  convergence  of  IS'',  the  curve  p^  p^  p  of  the 
hypermetropic  eye  keeping  nearly  a  transverse  direction,  while  the 
curves  of  the  myopic  now  begin  decidedly  to  ascend* 

The  diagram  will  readily  answer  any  further  question  which  may 
suggest  itself;  it  appears  therefore  to  be  superfluous  tu  expatiate 
at  greater  length  upon  the  subject. 

The  difference  ascertained  is  practically  of  great  importance. 
Thence  it  follows,  namely,  directly,  that  when  the  ametropia  is  neu- 
tralised by  glasses  (r  brought  to  qd),  the  eye  by  no  means  becomes 
equal  to  an  emmetropic  eye  of  similar  range  of  accommodation.  Tliis 
is  easily  deduced  from  the  above  figures.  It  appear??  still  more  dis- 
tinctly on  reference  to  Fig,  62,  where  the  curves  of  Fig.  61  are  re- 
peated (as  E/j  and  Er,  as  M/;  and  Mr,  and  as  H/j  and  Hr„  and 
Hr,)  bat  so  that  in  all,  r  is  brought  to  Qo.*  The  dingram  shows  that 
the  neutralised  myopic  eye  has  its  binocular  nearest  point  at  16",  so 
that  1  \  A^  amounts  only  to  the  fourth  of  1  :  A ;  and  that  ince  vend 
for  the  hypermetropic  eye  the  binocular  nearest  point  pi  is  nearly  equal 
fjo  the  absolnt-e.    Moreover,  in  the  myopic,  1 :  A„  even  at  from  8*^  to 


•  As  thall  appear  in  |  13,  tho  redaction  of  the  ametropia  is  not  entirely 
without  influence  on  the  form  of  the  carves.  This  influence  is,  however,  so 
alight » that  hero  it  may  be  altogether  disregarded. 
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convergence,  becomes  wholly  negative ;  in  the  hypermetropic, 
is  at  more  than  ^iO"^  of  convergence  entirely  positive.      Hence 


Fig,  62. 


()'>     l|o2i'    22^50*   34*'32'  46«38' 59*>20'  72*'5(V' 


pfoeeeds  for  both  eves  difficulty  in  binocular  vision,  nndcr  moderate 
convergence  J  for  the  reduced  loyopic,  because,  uuder  these  circum- 
stances it  accommodates  too  we^iklj,  for  the  replaced  hypermetropic, 
because  it  aeeommodates  too  strongly. 

The  cause  of  this  diiference  is  at  once  apparent ;  it  is  the  result  of 
practice.  The  myopic  eye  has  learnt  (o  converge  in  a  certain  degree, 
without  bringing  its  power  of  aeeommodation  into  action  in  the 
same  proportion  as  the  emmetropic  eye.  Thereby  the  binocular 
farthest  point  (Fig.  61,  Mr-,),  although  seen  at  a  tolerably  consider- 
able convergence,  remains  almost  as  far  from  the  eye  as  the  absolute 
farthest  point  Mr.  But  on  the  other  band,  the  eye  has  not  prac- 
tised itself  with  slight  convergence,  to  bring  a  relatively  great  part 
of  its  accommodation  into  action^  because  it  has  had  no  necessity  to 
do  80.  The  hypermetropic  eye,  on  the  contrary,  found  itself  obliged, 
in  order  to  see  accurately,  even  with  parallel  vistial  lines,  to  put  it* 
power  of  accommodation  on  the  stretch,  and  it  has  brought  itself  so 
far  in  that  respect,  that  it  is  no  longer  in  a  position  to  become  com- 
pletely relaxed,  that  at  least  ou  every  effort  to  see,  the  act  of 
accommodation  takes  place  involuntarily.  As  further,  with  increas- 
ing convergence,  a  disproportionately  great  part  of  the  range  of 
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•ocommodation  must  always  come  into  attioDj  it  is  not  strange,  that 
the  relative  range  of  accommodation  has  been  considerably  displawd. 

That  practice  really  may  produce  the  diflference  just  described,  we 
haye  the  following  proofs* 

1,  The  use  of  positive  or  negative  glasses  has,  even  after  the 
lap^  of  a  few  hours,  an  intluence  on  the  range  of  accommodation  of 
the  cmmetropie  eye.     Pig,  63  exhibits  the  etl'cct  of  practice  in  look- 
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ing  with  negative  glasses.  It  relates  to  a  young  emmetropic  sub- 
ject^ aged  21  years,  who  with  slight  convergence  can  accommodate 
soinewliat  less  than  usual.  The  dotted  curves  represent  the  course 
of  his  nearest  and  of  his  farthest  points.  After  having  occasionally 
practised  for  some  days  with  negative  glasses,  he  obtained,  by  repeat- 
ing the  investigation,  the  linear  curves,  which,  at  least  p\  p,^  /j, 
approach  much  more  closely  to  those  of  hyp€*rme tropic  persons  than 
the  dotted  ones.  Had  he  continued  the  practice  longer,  permanent 
contraction  would,  just  as  in  the  hypemietropic,  have  occurred,  and 
r  would  not  have  stood  at  qo  .  For  some  minutes  after  the  removal 
of  the  negative  glasses,  this  was  the  case.  On  the  other  hand,  the 
use  of  positive  glasses  rapidly  makes  the  power  of  accommodation, 
with  a  certain  amount  of  convergence,  less :  it  is  well  known  that, 
particularly  when  positive  glasses  are  used  too  soon,  reading  much 
without  their  aid  quickly  becomes  more  diificuH  than  before* 
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2.  The  relative  range  of  accommodation  is  displaced  in  ame- 
tropic  individuals  when  they  have  for  a  long  time  worn  correcting 
glasses.  That  of  myopics,  as  well  as  of  hypermetropics,  gradually 
tends  to  that  of  emmetropics. 

3.  In  the  diminution  of  the  range  of  accommodation  in  advanc« 
ing  age,  even  before  proper  presbyopia  has  begun,  the  curves  of  the 
emmetropic  eye  approach  to  those  of  the  hypermetropic.     Fig.  64  is 
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the  faithful  expression  of  the  range  of  accommodation  of  an  emme- 
tropic individual  aged  44.  For  vertical  lines  he  has  a  trace  of  hyper- 
metropia,  so  that  r  is  found  beneath.  Further,  to  convince  one's 
self  that,  with  the  required  practice,  the  curve  ^;,  ]h  p  especially 
has  approached  to  that  of  a  hypermetropic  eye,  wc  need  only  observe 
that  with  a  convergence  to  9',  nearly  the  maximum  of  accommoda- 
tion is  attained. 


In  the  following  Chapter,  treating  of  Spectacles ;  and  also  in  speaking  of 
each  of  the  forms  of  ametropia,  I  shall  revert  to  the  important  distinction 
made  in  the  foregoing  section. 


CHAPTElt  IV. 


SPECTACLES  AND  THEIR  ACTION  IN  UENEEAL. 


^12.  Differctit  kindjs  ofspec(aelt\f. — Iit  ophthalmic  surgery  difTereut 
kiaJd  of  spectacles  are  in  use,  wliicU  are  emplojed  for  very  ditrereiifc 
jjiirposes. 

L  Protecting  Hpeda^ldH, — Of  those  we  dii^tingiiiah  two  varieties: 
tf,  those  which  serve  only  to  keep  off  the  mechanical  iofliience  of 
foreign  bodies,  dust,  fragments  of  metal,  slone^  coal^  etc.  They  have 
nothing  to  do  with  the  refraction  of  light  in  the  eye,  and  call  for  no 
fiiftber  comment  here. 

b.  Spectacles  fur  mtrdlng   off  light, — These   consist   mostly   of 
coloured  gla<5,  green  and  especially  bine,  which  is  less  hurtful  to  the 
eye.     In  general,  however,  at  least  in  daylight,  the  grey,  so-called 
neutral  glasses^  deserve  the   preference.     The  white   aunligbt,   re- 
tlected  by  different  objects  in  their  particular  colours,  is  the  natural 
adequate  stimulus  to  the  retinaj  and  by  good  neutral  glasses  these  rays 
are  tolerably  uniformly  diminished.   The  same  end  opticians  formerly 
attempted  to  attain  (Fischer)  by  combining  two  glasses  of  comple- 
mentary colours.   It  is  desirable  in  every  case  that,  so  far  as  possible, 
the  whole  field  of  vision  should  be  uniformly  obscured,  which  is 
accomplished^  with  tolerable   accuracy  by  the  use  of  large,  round 
glasses,  resembling  watch-glasses,  but  more  perfectly  by  lateral  flaps  of 
silk  or  some  other  semitranspiirent  substance,  or  else  by  glass  of  the 
same  colour  as  the  spectacles,  the  objection  to  the  latter  being,  how- 
ever, the  increase  of  weight.     The  light  falling  in  from  the  side  has 
\  doubly  unpleasant  action,  when  coloured  glasses  are  applied  in  front 
f  of  the  eye,  for  the  lateral  parts  are  then  seen  by  contrast  in  the  com- 
plementary colour  of  the  glasses,  and  in  the  remaining  part  of  the  field 
of  vision  the  complementary  colour  appears  still  stronger  as  a  secondary 
image,  so  soon  j^  the  spectacles  are  taken  off.    In  persons  atrccted  with 
irritation  of  the  retina,  or  with  photophobia  in  general,  we  may  re- 
I  Commend  the  use  of  light-absorbing  glastses,  when  these  patients  are 
;>Uliged  to  expose  themselves  for  a  certain  time  to  a  bright  hglit.    In 
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the  house,  with  moderate  light,  they  ought  to  lay  them  aside.  We 
should  not  forget  that  these  glasses  when  worn  in  the  sun,  become 
heated  in  proportion  to  the  amount  of  rays  they  absorb,  and  that 
very  dark  glasses  may,  therefore,  be  considered  to  be  specially 
injurious  to  the  eye.  In  women,  moderating  the  light,  when  neces- 
sary, by  means  of  veils,  is  to  be  recommended. 

II.  8tenop6eic  spectacles,  stenopaic  lorgnette,  stenopaic  apparatus. 
— Slight  obscurations  of  the  light-refracting  media,  especially  those 
of  the  cornea,  often  produce  great  disturbance  of  the  accuracy  of 
vision.  The  cause  of  this  is  to  be  sought  not  so  much  in  the  reflec- 
tion or  absorption  of  a  portion  of  the  rays,  as  in  the  diffusion  of  the 
light  passing  through  them.  This  is  easily  explained.  Prom  the 
entire  field  of  vision  rays  fall  on  each  local  obscuration,  and  from  the 
latter  they  spread  further  in  all  directions  through  the  whole  eye. 
Consequently  in  the  region  of  the  yellow  spot  also,  an  image  is  not 
merely  formed' of  the  object  lying  about  in  the  direction  of  the  line  of 
vision ;  but  over  this  image  is  spread,  with  the  existence  of  semi« 
transparent  spots,  a  uniform  light,  derived  from  the  whole  field  of 
vision.  This  diff'used  light  is  very  disturbing.  Indeed  the  differences 
of  illumination  of  the  image  formed  by  regular  refraction  are  in  con- 
sequence much  more  faintly  distinguishable.  Just  as  in  looking 
through  a  real  mist,  the  diffused  light  is  added  to  the  relatively  weaker 
image,  and  therefore  also  spots  give  the  impression,  as  if  one  were 
looking  through  an  actual  mist :  the  only  difference  is,  that  a  mist  is 
more  perceptible  for  more  remote  objects,  and  that  misty  vision,  pro- 
duced by  a  spot,  affects  all  objects  alike,  independently  of  distance.  It 
is  well  known  that  obscurations  produce  much  less  disturbance,  when 
the  eye,  turned  from  the  light,  contemplates  a  certain  object.  If  a  pic- 
ture or  another  object  be  hung  against  the  pier  between  two  windows, 
and  if  it  be  illuminated  through  a  window  behind  the  observer,  the 
latter  will  see  the  object  much  more  accurately,  and  with  more  con- 
trast of  light  and  shade  when  the  two  windows  are  closed  than  when 
they  are  open.  The  explanation  of  this  fact  is  to  be  found. in  the 
foregoing.  In  both  cases  (supposing  that  the  open  windows  throw 
no  light  upon  the  object)  the  object  sends,  in  an  equal  degree,  rays 
into  the  eye,  which,  regularly  refracted,  form  a  good  image  in  the 
region  of  the  yellow  spot ;  but  if  light  falls  upon  the  eyes  through 
the  windows  placed  at  the  sides  of  the  object,  numerous  rays  proceed, 
in  that  case,  likewise  from  the  illuminated  spots  over  the  image  of  the 
yellow  spot,  which  thus  becomes  covered  as  with  a  white  crape.  Even  if 
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there  be  no  spots,  some  light  is  always  diffused  in  the  eye,  and  thus 
even  the  normal  eye  will,  especially  if  the  time  of  life  be  somewhat 
advanced,  perceive,  as  it  were,  light  crape,  when,  in  the  experiment 
just  described,  the  windows  are  opened.  We  know  further,  that 
where  obscurations  exist,  exclusion  of  the  peripheric  light  with  the 
hand,  looking  through  a  tube,  etc.,  increases  the  accuracy  of  the 
images.  Again,  it  is  the  warding  oiF  of  the  laterally  incident  light 
diffusing  itself  from  the  spot  throughout  the  whole  eye,  which  here 
acts  beneficially.  The  practical  rule  hence  deducible  is  this  :  iti  order, 
where  obscuratlofts  exist',  to  distinguish  with  relative  accuracy,  let  the 
small  portion  of  the  field  of  vision,  over  which  the  observatio7i  is  to  ex- 
lend,  hepro])erly  illuminated,  and  let  the  remaining  portion  be  kept  as 
d/trk  as  possible,  Tliese  reflexions  on  the  injurious  effect  of  obscurations 
led  me  to  the  application  of  stenopjeic  remedies.  Their  object  is  to 
cut  off  the  light  which  shoidd  reach  the  obscurations,  and  through 
an  opening  to  give,  so  far  as  possible,  (entrance  only  to  the  light 
which  is  subjected  to  a  regular  refraction  on  the  normal  part  of  the 
refractuig  surface.  The  narrow  opening  is.in  them  the  essential  part : 
hence  the  denomination  stenopeic  (from  o-Tfi/os,  narrow,  and  ottiJ, 
a  peephole).  In  order  not  to  limit  the  field  of  vision  more  than  is 
necessary,  the  openhig  must  be  as  close  as  possible  to  the  eye,  and 
with  a  view  still  better  to  keep  off  all  lateral  light,  it  may  be  surrounded 
with  a  wall  widening  like  a  fuimel.  The  opening  may  in  general 
have  the  form  and  nearly  the  size  of  the  clearest  part  of  the  portion 
of  the  refracting  surface  corresponding  to  the  pupil:  it  may,  ac- 
cording to  circumstances,  be  round,  oval,  or  slit-like.  Karely  will 
the  diameter  be  less  than  a  millimetre ;  often  it  will  amount  to  two 
or  more  millimetres. 

Tlie  stenopajic  apparatus,  which  is  an  indispensable  item  in  the 
ophthalmic  surgeon's  means  of  investigation,  is  a  very  short  cylinder, 
furnished  with  a  handle,  open  at  one  end  and  indented  towards  the 
eye,  and  provided  at  the  other  with  an  opening,  in  front  of  which  is 
a  diapliragm,  containing  different  smaller  openings  of  various  diame- 
ters, and  capable  of  turning  round,  so  that  each  of  tiiese  oj)cniugs  can 
be  seen  in  turn.  There  are  also  stenopanc  apparatus  provided  with  a 
slit  capable  of  being  widened  and  narrowed.*  With  the  aid  of  this 
apparatus  we  can  examine  whether  the  stenopeic  principle  increases 
the  accuracy  of  vision,  which  is  often  of  importance  in  a  diagnostic 

•  They  are,  as  well  as  the  stcnoptcio  spectacles  and  eyeglasses,  preimred, 
aiuung  others,  by  Paetz  and  Flohr,  opticiauu,  unter  deu  Liiideo,  Berlin. 
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point  of  view;  moreover,  we  may  acquire  an  indication  whether  it 
may  be  advantageously  applied,  and  what  size  of  opening  is  the  most 
useful.  Of  the  result  obtained  we  may  then  make  use  in  prescribing 
a  steno[)aeic  spectacle,  or  eyeglass.  To  s|>ectacles  for  use  in  the 
streets,  the  stenopx'ic  principle  is  in  general  not  applicable,  as  the 
field  of  \'is?ion  is  too  limited.  On  the  other  hand,  such  spectacles  to 
which  the  requisite  glasses  have  been  fitted,  are  sometimes  very 
serviceable  for  reading.  The  chief  application  of  the  principle,  how- 
ever, is  to  tlie  stenopaeic  eyeglass.  Many  persons  suffering  from 
opacity  have  recourse  to  it  of  their  own  accord,  by  warding  off  the 
I)eripherically  incident  light  with  the  hand,  by  voluntarily  narrowing 
the  slit  between  the  eyelids,  etc.,  in  order  to  increase  the  accuracy 
of  vision,  but  this  object  is  always  much  more  perfectly  attained  by 
means  of  a  stenopa?ic  eyeglass. 

If  the  part  which  has  remained  clear  has  an  oblong  form,  a  slit- 
like opening  will  be  most  suitable.  In  general,  it  is  a  great  advan- 
tage in  reading,  when  a  horizontal  slit  efl^ects  the  object ;  this  should, 
therefore,  always  be  tried.  If  the  opacity  is  only  on  one  side,  we  may 
obtain  a  great  advantage  by  making  an  ordinary  spectacle-glass 
opaque  over  the  obscured  part  (for  example,  by  applying  a  black 
lacker).  In  general  the  simplest  stenopeic  sj>ectacles  are  those  in 
which  the  preferable  form  of  opening  is  left  as  the  only  part  of  the 
glass  not  obscured,  in  which  also  by  opaque  matter  on  the  outside  the 
light  incident  from  that  point  can  be  warded  off.  The  glass  may  in 
ordinary  cases  be  flat,  but  otherwise  according  to  the  necessities  of 
vision  it  should  have  a  certain  focus.  In  some  cases,  among  others, 
after  the  extraction  of  cataract,  I  have  found  great  advantage  from 
partially  covering  the  glass  with  bhick.  It  is  not  uncommon,  when 
the  flap-section  was  made  downwards,  for  the  inferior  part  of  the 
cornea  to  become  somewhat  turbid,  particularly  if  the  iris  Ims 
attached  itself  to  the  wound,  or  is  even  slightly  prolapsed.  The  dis- 
turbance is  the  greater,  because  the  pupil  too  is  thereby  drawn 
downwards,  and  probably  tlie  curvature  of  the  cornea  is  somewhat 
irregular,  so  that  reading  with  an  ordinary  convex  glass  is  attended 
with  great  difficidty,  or  is  even  quite  impossible.  But  it  is  in  the 
most  surprising  manner  relieved,  when  the  glass  is  covered  to  a  defi- 
nite height  with  an  opaque  black  matter  over  which  the  eye  sees, 
while  the  rays  which  should  reach  the  inferior  non-transparent  and 
irregular  part  of  the  cornea,  are  cut  off.  This  mode  of  using  the 
glass   limits   the   field   of  vision  only  inferiorly,  and  is  therefore 
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attended  witli  no  impediment  whatever  to  reading,  nor  even  to  vision 
in  grneral. 

Lastly,  it  may  be  mentioned  (what  has  reference  more  especially  to 
anoiniilies  of  refraction),  that  the  stenopteic  eyeglass  has  also  ren- 
dered me  very  essential  service  in  the  highest  degrees  of  myopia,  parti- 
cularly when  the  accuracy  of  vision  had  at  the  same  time  suffered 
comparatively  much.  If  it  were  ouly  for  this  re-ason,  therefore,  the 
stenopeic  apparatus  ought  not  here  to  be  passed  over  in  silence.  In 
such  cases  vision  of  near  objects,  at  least  with  one  eye,  is  attended 
with  no  other  inconvenience  than  that  the  object  must  be  brought 
very  near  the  eye,  to  3"  or  less.  But  distant  vision  is  extremely  im- 
perfect, and  is  comparatively  little  improved  by  concave  glasses, 
which  correct  the  myopia.  If,  with  their  aid,  the  images  are  more  ^ 
accurately  seen,  they  at  the  same  time  become  so  much  smaller,  that  1 
an  amblyopic  eye  still  distinguishes  little,  and  is,  therefore,  by  no  J 
means  satistied.  In  such  cases  then,  a  stenopseic  eyeglass  with  t] 
aniall  opening  yields  ver)'  good  service.  It  here  acts  in  a  well-known 
manner,  quite  different  from  that  treated  of  above,  by  diminishing 
the  circles  of  diffusion.  It  is  manifest  that,  in  imperfect  accommoda- 
tion, the  magnitude  of  the  circles  of  diffusion  increases  with  the 
magnitude  of  the  base  of  the  cone  of  light  (the  surface  of  the  pupil). 
Now  in  high  degrees  of  myopia  the  pupil  is  usutdly  very  wide,  and 
the  disturbance  in  lookiug  at  distant  objects  is,  therefore,  relatively 
veiy  great.  Precisely  for  tliis  reason  it  is  that  a  stenopeic  eyeglass 
produces  so  great  improvement.  If  a  myopic  individual  looks  ■ 
through  an  opening  of  from  J"'  to  1"  in  diameter,  he  distinguishes 
at  ft  distance  as  accurately  as  through  glasses,  which  imperfectly 
neutralise  his  myopia,  and  he  has  the  advantnge  that  the  objects  ap- 
pear larger.  If  an  emmetropic  person  wishes  to  coimnce  himself 
of  this,  let  him  hold  a  positive  glass  before  his  eye,  so  that  it 
becomes  myopic,  and  he  will,  on  lo<tking  through  an  opening,  obtain 
the  effect  described,  and  can  estimate  the  partial  iieutrahsation  of  the 
artificial  myopia.  In  like  manner  we  may  also  within  the  nearest^ 
jfcUince  of  distinct  vision,  by  diminution  of  the  circles  of  diffusion, 

ith  the  aid  of  a  small  opening,  distinguish  \nth  tolerable  accuracy, 
and  thus  view  small  objects  much  nearer  to  the  eye,  that  is  under  a 
miich  gre4xter  angle.  However,  in  either  case  we  lose  both  in  light 
and  in  extent  of  the  field  of  vision.  As  to  light,  we  lose  the  more, 
the  smaller  the  opening  is,  and  in  myopia  it  is  therefore  often  ad- 
visable not  to  have  tlie  opening  very  small,  but  with  the  stenopa*ic 
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eyeglass  to  combine  a  glass,  which  partially  corrects  the  myopia. 
With  respect  to  the  extent  of  the  field  of  vision  we  lose  the  more,  the 
farther  the  opening  is  from  the  oje.  In  combining  a  negative  glass 
with  the  stenopeic  eye-piece,  the  patient  will  therefore  turn  the 
small  opening  towards  the  eye,  when  his  principal  object  is  to  increase 
the  field  of  vision ;  on  the  contrary  the  negative  lens,  when  he  chiefly 
desires  to  obtain  greater  distinctness  of  vision. 

III.  Pr'mnutlc  glanncSy  prismatic  njiectacha, — Prisms  are  used,  in 
order  by  refraction  of  the  light  upon  two  surfaces,  to  obtain  the  well- 
known  spectrum.  The  angle,  which  the  two  refracting  surfaces  make 
with  one  another,  is  the  angle  of  refraction  of  the  prism.  For  the 
object  mentioned  a  large  angle  is  taken :  most  prisms  arc  triangular, 
and  each  of  the  three  angles  then  amounts  to  G0°.  They  are 
usually  made  of  flint  glass,  in  order,  with  considerable  declination,  at 
the  same  time  to  obtain  a  decided  dispersion.  For  ophthalmological 
purposes,  on  the  contrary,  only  slight  declination  is  required,  and  we 
therefore  use  prisms  with  a  smaller  angle  of  refraction,  from  Z^  to 
24?*^  j  moreover,  it  is  necessary  to  select  a  kind  of  glass,  which,  with 
reference  to  its  refracting  power,  presents  but  slight  dispersion,  for 
example,  crown  glass.  Such  prisms  are  given  in  the  boxes  for 
ophthalmological  use,  usually  in  sixteen  numbers.  The  numbers 
from  III.  to  XXIV.  indicate  the  refracting  angles,  S**  to  24''.  In 
the  position  of  least  declination,  the  angles  of  declination,  for  the 
low  numbers,  are  nearly  the  half  of  these  refracting  angles  :  for  the 
higher  numbers,  they  are  somewhat  more.  If  we  >vish  to  know 
these  accurately,  it  is  necessary  to  determine  the  deviations  for  each 
glass  separately. 

The  declination  of  the  light  by  prismatic  glasses  is  the  cause  why 
objects,  seen  through  such  glasses,  exhibit  themselves  in  another 
direction.     Let  %  (Fig.  65)  be  a  point  of  light,  %  a  a  ray  falling  at  a 
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on  one  of  the  n»fracting  surfaces  of  the  prism,  this  approaches  the  per- 
pendicular r  a,  instead  of  continuing  in  th(*  same  direction  a  a  y  and  runs 
as  a  ^  in  the  prism;  arrived  at  b  it  agjiin  alters  its  direction,  now  in 
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passing  from  glass  into  air,  declining  from  the  normal  if  h,  and  as  j  c 
reaches  the  eye  0.  Evidently,  therefore,  the  point  i  is  seen  in 
the  direction  h  c,  about  in^.  In  this,  however,  the  more  refrangible 
rays,  those  on  the  violet  side,  undergo  a  greater,  the  less  refrangible, 
those  on  the  red  side,  undergo  a  less  declination.  Hence  proceeds 
a  disturbance  by  coloured  margins  to  the  objects,  which  is  greater 
in  proportion  to  the  strength  of  the  prism,  and  which,  precisely 
in  powerful  prisms,  it  is  hard  to  remove.  In  order  to  obtain 
a  decUnation  without  dispersion,  the  prism  must  be  made  achromatic 
by  being  compounded  of  two  prisms,  C  (Fig.  66)  of  crown  glass, 
P  of  flint  glass,  which,  acting  in  opposition,  com-  p|    gg 

pletely  remove  each  other's  dispersion,  but  only 
partially  destroy  each  other's  refraction.  Such 
achromatic  prisms,  however,  soon  become,  when  a 
declination  of  some  degrees  is  required,  too  thick 
and  too  heavy  to  be  worn.  This  objection  might 
perhaps  be  partly  met,  by  having  the  prisms  very 
small  (to  have  large  prisms  as  eye-glasses  is  of 
no  use),  because  in  order  to  see  rather  distinctly, 
we  must  not  look  obKquely  through  the  glass,  but  about  at  the  angle 
of  least  declination.  So  far,  however,  the  achromatic  prisms  liave 
not  yet  come  into  use. 

What  led  to  trying  prismatic  glasses,  was  a  declination  of  the 
visual  lines.  The  idea  of  making  it  possible  to  look  with  both  eyes, 
in  spite  of  this  declination,  occurred  first  to  my  friend  Krecke, 
Doctor  of  Natural  Philosophy,  of  Utrecht,  whose  idea  I  endeavoured 
to  realize  and  to  explain  physiologically.*  On  experimenting  with 
the  glasses,  three  remarkable  phenomena  immediately  presented  them- 
selves. In  the  first  place  it  appeared,  that  one  feels  involuntarily  im- 
pelled, by  changing  the  direction  of  the  visual  lines,  to  remove  the 
double  vision  which  has  taken  phicc.  If  we  hold  the  glass  with  the 
refracting  angle  inwards,  then,  in  order  to  bring  the  double  images 
into  one,  stronger  convergence  is  required,  and  this  is  immediately 
almost  involuntarily  effected.  On  removing  the  glass,  double  images 
again  exhibit  themselves,  which,  by  diminishing  the  conviTg(»nce,  are 
once  more  forthwith  thrown  together ;  only,  it*  the  prism  has  been 
long  held  before  the  eye,  a  tendency  to  incrciiscd  convergence  con- 
tinues for   some  time.     In  the  second  place   it  seemed,  that  the 

•  Xfderlandsch  Lnncat^  uitgojjoven  door  F.  C.  Dondors,  G.  L.  II.  EUer- 
man  ea  J.  IT.  Jansiin,  2'  Sep.  D.  III.,  pp.  227  and  233,  1847. 
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visual  lines  are  usually  capable  of  only  very  slight  divergence,  and 
that  they  can  scarcely  decline  upwards  and  downwards,  even  under 
the  pressure  of  the  necessity  of  rendering  the  vision  single.  In 
general  the  prism,  when  the  refracting  angle  is  turned  to  the  out- 
side of  the  eye,  ought  to  be  very  weak,  in  order  to  allow 
the  observer  still  to  see  remote  objects  single ;  and  the  same  weak 
prism,  when  the  refracting  angle  is  turned  upwards  or  downwards, 
produces  double  images,  which  cannot  be  overcome.  If,  finally,  the 
observer  has,  after  long-continued  efibrts,  succeeded  in  throwing  into 
one  the  Souble  images  standing  (in  the  last  case)  above  one  another, 
the  double  images  which  now  arise  on  removing  the  prism,  do  not 
immediately  ran  together  again.  Thirdly  and  lastly,  we  can  convince 
ourselves  of  what  has  been  stated  above  (p.  110),  that  under  the  in- 
fluence of  a  prism  with  the  angle  turned  towards  the  inside  or  out- 
side, the  observer  can  converge  more  or  less  strongly,  without  being 
able  to  alter  the  tension  of  his  accommodation. 

These  results,  obtained  with  the  aid  of  prismatic  glasses,  are  of 
essential  importance  for  the  physiology,  and  for  many  points  in  the 
pathology  of  the  eye.  But  beyond  this,  these  glasses  serve  different 
useful  purposes  in  ojAtlialmic  surgery,  which,  partly  previously  fore- 
seen, have  been,  especially  by  von  Graefe,  practically  tested.  Thus 
they  may  be  applied  in  the  diagnosis  of  different  anomalies  of  the 
muscles,  and  of  the  degree  of  these  anomalies.  Thus  they  may  be 
used  to  correct  slight  incurable  declinations  of  the  visual  lines,  out- 
wards, upwards,  or  downwards,  whereby  confusing  double  images 
are  produced,  or  to  remove  the  muscular  asthenopia,  depending  on  in- 
sufficient power  of  the  musculi  recti  intemi.  Thus  we  may  further, 
in  paresis  of  a  muscle,  so  far  meet  the  disease  by  means  of  a  prism, 
that  in  order  to  make  the  double  iraafges  which  have  been  brought 
near  one  another,  run  together,  the  muscles  will  become  powerfully 
tense,  which,  for  the  alleviation  of  the  paresis,  appears  to  be  no  matter 
of  indifference.  Finally,  what  deserves  to  be  here  particularly  men- 
tioned, these  glasses  are  also  of  importance  in  anomalies  of  refraction. 
They  show,  that  hypcmetropic  individuals  distinguish  accurately  with 
greater  ease,  when  they,  looking  through  a  prism  with  the  angle 
turned  inwards,  for  the  sake  of  single  vision,  can  converge  more 
strongly,  a  fact  by  wliich  the  origin  of  strabismus,  in  conse- 
quence of  hypermetropia,  is  explained ;  and  it  will  hereafter  appear 
that  we  sometimes  advantageously  apply  the  principle  of  the  pris- 
matic glasses,  by  modifying  the  mutual  distance  of  either  the  convex 
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or  concave  glasses  of  spectacles,  so  that  the  eyes  look  through  these 
glasses  at  the  side  of  the  axes,  which,  just  like  the  use  of  a  prismatic 
glass,  modifies  the  direction  in  which  an  objoct  is  seen. 

Gl4isses  with  spherical  surface^y  ordinary  convex  and  concave 
spectacle-glasses. — Glasses,  which  modify  the  limits  of  distinct  vision, 
are  called  lenses.  Of  these  we  have  two  kinds,  both  of  which  are  used 
as  spectacle-glasses :   converging  lenses  (Fig.  67  I),   which  Cciuse 
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parallel  rays  a  h  and  a'  V  to  converge  as  c  rf  and  c  d';  and  diverging 
lenses  (Fig.  68  0*  which  cause  a  b  and  a  b'  to  diverge   os  c  d  and 

Fig.  68  /. 


&  d^.  A  converging  lens  has  its  focal  point  0'  on  the  other,  a 
divei^ng  lens  on  the  same  side  as  that  whence  the  rays  come.  The 
first  unites  the  rays  ,into  a  real  focus ;  the  latter  does  not  actually 
unite  them,  but  causes  them  to  assume  a  direction  as  if  they  had  pro- 
ceeded from  the  point  ip',  in  which  the  prolongations  of  c  d  and  c  d 
(the  dotted  lines)  cut  one  another :  hence  this  point  is  called  also  a 
virtual  focus. 

Besides  the  above  biconvex  lenses,  we  have,  as  converging  lenses, 
the  plano-convex  and  the  concavo-convex  or  positive  me7iiscu8  {with 
shorter  radius  of  the  convex  surface),  as  well  as,  in  addition  to  the 
biconcave,  as  diverging  lenses,  the  plano-concave  and  the  convex-con- 
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cave  or  negative  meniscus  (with  shorter  radius  of  the  concave  surface). 
He  plano-convex  and  plano-concave  have,  for  equal  degrees  of 
power,  the  gre^itest  aberration,  and  they  are  consequently  to  be  re- 
jected as  spectacle-glasses.  The  biconvex  and  biconcave  answer 
better.  To  the  menisci  the  advantage  is  attributed,  beyond  these, 
that,  as  Wollaston  showed,  the  images  suffer  less,  when  the  observer 
looks  obliquely  (under  an  angle  with  the  axis)  through  them,  so  that 
the  eyes  can  move  more  freely  behind  these  glasses.  ITiey  are  there- 
fore, als^  called  //^r/^cc/^zc  (from  irtpuncondv,  to  look  around) .  How- 
ever, we  can  also  see  satisfcictorily  in  an  oblique  direction  through 
biconcave  and  biconvex  glasses,  provided  they  are  not  too  strong,  and 
if  high  numbers  are  requiretl,  the  periscopic  glasses  have  again  the 
disadvantage  of  greater  weight.  Were  it  only  for  this  reason,  there- 
fore, the  latt<?r  do  not  unconditionally  deserve  the  j)reference.  When 
we  add  tkit  under  some  circumstances  the  j)oriscopic  glasses  are  more 
liable  to  produce  disturbance  by  reflexion  on  tlie  concave  siuface 
turned  towards  the  eye,  and  that  they  are,  moreover,  somewhat  more 
expensive,  we  shall  not  be  surprised  that  they  have  not  wholly  sup- 
planted the  biconvex  and  biconcave  glasses. 

Biconvex  and  biconcave  spectacle-glasses  are  ground  \rith  equal 
radii  of  the  two  surfaces.  The  optical  centre  o  (Figs.  67  and  68) 
lies  then  in  the  middle  of  the  lens  in  the  axis  A  Aj.  Now  the  dis- 
tance from  the  focus  0'  to  this  optical  centre  o  is  usually  called  the 
focal  distance  F.  This  is,  however,  not  quite  correct ;  F  is,  in  fact, 
the  distance  from  focus  to  principal  point.  For  ordinary,  not  very 
thick  lenses,  with  equal  radii  of  the  two  surfaces,  that  is,  for  the 
ordinary  biconvex  and  biconcave  spectacle-glasses,  this  inaccuracy  is 
of  no  importance  j  but  in  the  case  of  euMiisci,  we  must  ascertain  the 
principal  points,  in  order  to  know  the  position  of  the  foci,  and  to 
be  able  to  take  into  account  the  distance  from  focus  to  principal 
point  as  F. 

Tlie  subjoined  figures  (69,  a  biconvex,  70,  a  biconcave  lens ;  71,  a 

V'vs.  (Ji'. 
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positive,  72,  a  negative  meniscus),  sliow,  for  these  different  forms  of 
lenses,  the  position  of  the  first  and  second  principal  points  k^  and  h,, 
and  of  the  first  and  second  focus  0,  and  ^,.    The  rays  which,  parallel 


Fig.  70. 


J^^ 


Sl 


Fig.  71. 


-1- 


f. 


Fig.  72. 


to  the  axis,  fall  on  the  surface  1,  have  their  focus  in  0^;  those  wliich, 
coming  from  the  other  side,  fall  parallel  to  the  axis  on  the  surface  2, 
unite  in  f„  For  a  lens  standing  in  air  h,  p,  is  always  =  k,  i>0,  both 
=  F.  If  now,  as  in  Figs.  69  and  70,  the  two  surfaces  of  curvature  be 
equal,  the  ])oints  A^  ^^  and  A,  <P„  will  evidently  lie  symmetrically  in 
the  axis.  But  if  the  surfaces  of  curvature  be  not  equal,  if  even  one 
of  them  be  concave,  the  other  convex,  as  hi  Figs.  71  and  72,  the  points 
A  A^  may  have  another  position,  and  may  even  be  external  to  the  mass 
of  the  glass,  and  the  foci  0,  and  ^^  will  then  also  lie  at  different  dis- 
tances from  the  lens.  It  will  be  understood  that,  even  for  these  rea- 
sons, it  is  by  no  means  indifferent  which  surface  of  these  lenses  is  turned 
towards  the  eye.  In  speaking  of  the  nifluence  of  the  distance  of  the 
glass  from  the  eye,  I  shall  return  to  this  point.     The  reader  who 
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may  wish  to  examine  more  closely  into  the  signification  of  the  prin- 
cipal points,  will  find  the  explanation  thereof  at  pp.  44  and  50. 

The  power  (the  converging  or  diverging  power)  of  a  lens  is  inver- 
versely  proportional  to  its  focal  distance  F.     It  may,  therefore,  be 

expressed  by  j^  for  converging,  and  by rj  for  diverging  lenses. 

The  value  of  F  we  state,  just  as  in  the  numerical  expression  of  the 

range  of  accommodation,  in  Parisian  inches :  glasses  of  ^,  of  —  -, 

o  o 

etc.,   are  therefore  glasses  of   6"  positive,   of  8'  negative   focal 

distance,  etc. 

Besides  the  spectacle-glasses  above  described,  there  are  others 

with  a  difierence  of  focal  distance  in  the  superior  and  inferior  parts. 

Franklin  was  slightly  myopic  and  had  little  power  of  accommodation ; 

for  seeing  at  a  distance  he  had  need  of  negative,  for  seeing  near 

objects  he  had  need  of  positive  glasses.     Now,  as  in  looking  at  near 

objects  we  look  through  the  lower,  in  looking  at  a  distance  we  look 

through  the  upper  half  of  the  spectacle  glasses,  he  combined  two 

halves,  the  one  of  a  negative,  the  other  of  a  positive  glass,  turned 

the  negative  halves  upwards,  the  positive  downwards,  and  in  this 

manner  provided  very  well  for  his  want  of  accommodation.     These 

spectacles  have,  after  the  philosopher  who  first  used  them,  acquired 

the  name  of  Franklin's  glasses.     Recently  it  has  been  attempted  to 

attain  the  same  object  which  Franklin  proposed  to   himself,   by 

grinding  in  the  upper  part  of  the  spectacle-glass,  the  surface  turned 

from  the  eye,  with  another  radius.   The  glasses  are  prepared  in  Paris 

under  the  name  of  verres  h  double  foyer.     Fig.  IZ  a  represents  a 

Fig.  73. 


superficial  view  of  such  a  glass  (slightly  positive  above  and  strongly 
positive  below) ;  h  exhibits  a  section  of  the  same.     I  stated  only, 
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wlial  focal  distance  I  desired  for  the  upper  and  lower  part,  and  found 
ihaii  my  directions  wa«ie  always  accurately  carried  out,  both  when  I 
requested  otdy  a  different  positive  or  negative  focus  in  the  two  halve-s; 
and  when  I  required  a  negative  focus  above,  and  a  poritive  focus  below. 
In  general  these  spe<"tacles  answered  welL  It  is  indispensable  that 
they  be  placed  at  the  proper  lieight  before  the  eyes,  so  that  iu  looking 
at  n  distance  the  rays  may  fall  upon  the  organ  only  through  tlie  upper, 
and  in  looking  at  near  objects^  only  through  the  lower  part.  It  is 
also  necessaiy  that  the  difference  in  the  direction  of  vision  be  deter- 
mined more  by  moving  the  eyes,  than  by  mo\iiig  the  head.  If  the 
pupil  be  opposite  the  boundary  between  the  two  parts,  vision  will,  of 
course,  he  very  confused. 

It  ia  by  no  means  a  matter  of  indilTerence  of  w  hat  material  the 
spectacle-gla^se^  are  made*  Flint  glass  and  especially  rock-crystal 
are  harder,  and  glasses  made  of  them  are  not  so  easily  scratched. 
This  is  particularly  a  recommtmdatioii  iu  the  case  of  convex  glasses 
whicli  are  so  much  more  liable  to  be  scnitchcd.  Against  the  advan- 
tage Just  mentioned  as  being  possessed  by  flint  glass  and  crystal, 
must  be  set  down  the  disadvantage  of  greater  power  of  dispersion. 
Hence  it  would  appear  that  for  drong  glas^ie^  the  preference  ought 
to  be  given  to  crown  glms.  This  is  esi>ecially  true  of  concave  glasses, 
and  as  to  convex  glasses  of  crown  glass,  their  low  price  makes  it 
easy,  if  they  are  scratched,  to  replace  them  with  others. 

Achromatic  glasses  are  not  available  for  spectacles ;  if  glasses  of 
short  focal  dist^ince  be  required,  achromatism  is  attended  w^ith  too  great 
weight,  and  if  glasses  of  long  focal  distance  be  sufficient,  even  with  the 
use  of  crystals,  glasses  do  not  prevent  the  dispersion  of  colour. 

As  the  opbt1iiilmo«4X»pe  is  important  for  the  ohjeotive  diagnosis  of  defects  of 
ihe  eye,  ao  i»  a  collection  of  spectacle-glasses  for  tht^ir  subjective  investigation, 

fill  gflaues  are  at  once  indispensable^  not  only  for  the  determination  of 
aaoinalies  of  refraction  and  aocommodatioa,  bnt  also  in  many  cases  for  that 
of  the  aoonraey  of  vision,  so  that  without  them  the  examination  of  the 
fanotions  of  the  eye  is  impossible. 

The  tisual  boxes  contain  x — 

1.  Twenty-eight  pairs  of  biconvex  glasses,  namely  of  2, 2j,  2  J,  3.  3J^  4, 4|, 
5,  5J,  6,  7,  8,  t»,  10,  12,  14,  16,  18,  20.  22,  24,  28,  ;]6,  40,  48,  60.  72,  and  100 
inches  posiiive  focal  distance. 

2.  Twenty-eight  pairs  of  biconcave  glasses  of  the  same  focal  distances^  bnt 
nefative. 

3»  Twelve  (or  sixteen)  prismatic  glasses  witk  refracting  angles  of  3**,  4®, 
6«,  6",  7**,  S*',  9^  10*^.  12^  14«>,  IG**,  18*»  (or  to  24*'). 
4.  A  frame  with  elastic  rings^  in  which  these  glasses  can  be  used. 
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5.  Some  quadrangular  pieoes,  6  inohes  long^,  1}  inches  broad,  of  different 
shades  of  blue  glass,  capable. of  being  held  before  b(fth  eyes  at  once. 

6.  A  glass  of  carmine-red,  well  adapted,  in  case  of  a  false  position  of  the 
visual  lines,  to  colour  one  of  the  double  images. 

On  the  convex  and  concave  glasses  the  focal  distances  are  inscribed  with 
a  diamond.    The  same  is  the  case  with  many  spectacles  met  with  in  trade. 

With  respect  to  these  last,  how- 
^^S'  '''*•  ever,  we  must  not  depend  upon 

the  mark,  but  must  always  deter- 
mine the  focal  distance  by  com- 
parison with  the  standard  glasses. 
The  method  is  extremely  simple. 
We  examine  with  our  own  eye, 
with  what  glass  they  agree  in 
diminishing  or  magnifying  power. 
As  object  we  employ  two  slight 
parallel  lines.  We  hold  the  glass 
tolerably  far  from  the  eye  (about 
a  foot),  and  so  far  from  the  paper, 
that  we  see  the  two  lines  accu- 
rately through  the  glass.  We 
now  hold  the  standard  glasses  for 
comparison  in  the  same  plane  with 
the  glass  to  be  examined,  and  we 
shall  then  be  able  to  determine, 
with  sufficient  precision,  to  which 
of  these  it  corresponds. 

The  direct  determination  of  the 
focal  distance  of  a  glass  is  more 
difficult.  The  simple  measurement 
of  the  distance,  at  which,  behind  a 
convex  glass,  the  solar  image  is 
exhibited  upon  a  screen,  gives  the 
value  only  approximatively.  The 
same  is  of  course  true  of  the  de- 
termination of  the  conjugate 
focal  distances  of  a  iiamo  and  its 
image,  whence  the  principal  focal 
distance  can  then  be  calculated. 
Ditfcrent  other  methods  are  stated 
which  lead  to  a  more  correct  result. 
I  obtained  very  accurate  determi- 
nations by  measuring  the  magni- 
tudes of  an  object  and  of  its  dioptric 
image,  both  with  the  aid  of  the 
ophthalmometer  (compare  p.  17). 
As  object  I  employed  three  small 
openings  in  a  very  thin  blackened  metallic  plate  (Fig.  74  P),  behind  which 
was  placed,  in  front  of  an  oi)eniug  in  a  large  screen,  the  globe  of  a  brightly 
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burning  lamp.  This  plate  is  fixed  to  the  extremity  of  a  llat  copper  ruler  (A 
A*)  resting  on  a  pedestal,  and  furnished  with  an  accurate  scale,  and  on  which 
a  small  plate  {x  Jif),  provided  with  a  lens-bearer  (/),  is  movable.  This 
little  plate  has  at  x'  a  nonius,  with  whicb  the  twentieth  part  of  a  line  can 
be  read  off.  On  the  same  ruler  (A  A')  a  second  plate  {y }/)  is  movable, 
carrying  a  small  ring  (r).  The  centres  of  the  two  rings,  and  the  centre  of 
the  image  (the  three  openings  in  the  plate  P)  lie  in  one  horizontal  line, 
which  must  be  so  placed  as  to  coincide  with  the  axis  of  the  ophthalmometer. 
By  adjusting  the  ophthalmometer  consecutively  for  the  three  different  dis- 
tances, we  can  ascertain  whether  this  condition  is  fulfilled.  The  axis  of  the 
ophthalmometer  being  fixed  they  must  appear,  on  moving  the  eyepiece,  suc- 
cessively and  accurately  in  the  centre  of  the  field  of  the  ophthalmometer. 

We  now  first  measure  the  magnitude  of  the  object.  As  the  reader  is 
aware  (compare  p.  18),  measuring  with  the  ophthalmometer  is  accomplished 
by  doubling  the  image  and  reading  off  the  degrees  on  the  ophthalmometer, 
when  the  double  images  are  removed  from  one  another  by  the  breadth 
of  the  object  to  be  measured.  Now  no  object  is  capable  of  more  accurate 
measurement  than  three  small  points  of  light  (Fig.  74  P . . .).  Thus  we  can 
very  perfectly  determine  (method  of  Bessel,  in  use  in  astronomy),  when,  on 
doubling(Fig.  75),  V  of  the  one  image  (T,  2',  3')  comes  to  stand  exactly  in  the 
centre  between  2  and  3  of  the  other 
image  (1,  2,  3),  and  the  distance  a;  Fig.  75. 

y  is  then  measured  as  object.     For        ^  o     ^     «  o         ? 

f,  ^i  •    X  '  <     'f     3  2'        ^r 

the  same  reasons  we  use  three  points        *  •     .     .  .  . 

of  light,  namely,  the  three   reflex       *^  V 

images  of  three  distant  flames,  when 

we  wish  to  determine  from  the  magnitude  of  the  reflected  image,  the  radios 

of  curvature  of  the  cornea,  or  of  any  other  reflecting  surface. 

Now  knowing  the  magnitude  of  the  object,  which  we  have  been  able  to 
measure  accurately  by  the  method  just  described,  we  next  seek  the  magni- 
tude of  the  dioptric  image  formed  of  it  by  the  lens,  whose  focal  distance  we 
wish  to  ascertain.  For  this  purpose  we  place  the  latter  in  the  lens-bearer  / 
(Fig.  74),  bring  this  to  a  distance  from  the  object  (the  plate  P)  equal  to  the 
double  of  the  nearly  known  focal  distance  of  the  lens,  and  make  the  distance 
r  /  equal  to  /  P.  The  ophthalmometer  we  have  permanently  fixed,  after 
having  measured  the  object  (the  three  small  openings)  in  the  centre  of  the 
fleld.  We  now  move  the  eyepiece  so  as  to  see  the  ring  r  accurately,  and  we 
shall  then  at  the  same  time  perceive  the  dioptric  image  of  the  three  openings. 
But  the  axis  of  the  lens  will  then  coincide,  as  it  ought,  with  that  of  the 
ophthalmometer,  only  when  the  dioptric  image  falls  exactly  in  the  centre  of 
the  riny  r.  Hence  we  must  take  care  to  effect  this,  and  precisely  on  the 
accuracy  with  which  this  can  be  accomplished,  depends  the  validity  of  the 
method  here  pursued.  While  we  see  the  dioptric  imuge,  we  at  the  same  time 
observe,  whether  it  coincides  in  ma^:nitude  with  the  object.  In  this  case  the 
points  of  light  will  occupy  the  same  place  in  reference  to  one  another  (Fig. 
76),  as  that  at  which  the  object  was  measured,  that  is,  I'  will  stand  in  the 
middle  between  2  and  3.  If  it  appears  that  the  dioptric  image  is  larger,  we  re- 
move the  plate  xx'  from  P;  if  on  the  contrary  it  is  smaller,  we  approximate 
X  jr'  to  P,  until  the  position  of  the  images  is  precisely  the  same  as  it  was  in 
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measuring  the  object.  Wlien  this  has  been  attained,  we  have  only  with  tho 
nonias  s!  to  read  off  the  exact  distance  of  the  lens  from  the  thin  plate  P,  in 
order  to  know  the  double  focal  distance  of  the  lens.  Indeed,  when  object  and 
dioptrio  image  have  the  same  magnitude,  both  are  at  an  equal,  and  in  fact 
at  the  double  focal  distance  from  the  respective  principal  points  of  the  lens, 
and  if  the  latter  be  a  biconvex  lens,  with  equal' radius  of  its  two  surfaces, 
likewise  at  an  equal  distance  from  its  optical  centre. 

In  the  manner  proposed  we  can  conveniently  make  only  one  measurement 
of  tho  dioptric  image.  More  accurate  results  are  obtained  when,  irrespec- 
tively of  equality  of  magnitude  of  object  and  dioptric  image,  the  first  being 
known,  and  the  lens  being  arbitrarily  placed,  we  simply  measure  the  latter, 
and  of  different  determinations  take  the  mean.  The  magnitudes  of  the 
object  B  and  the  dioptric  image  )3  are  to  one  another  as  the  conjugate  focal 
distances/'  ^LiAf'y  whereof/',  being  the  distance  between  the  lens  and  the 
object,  is  known  by  reading  off. 

Hence  we  find 

and,  further,  v^f      f 

If  we  repeat  the  calculations  with  some  different  values  of/',  the  average 
will  be  extremely  accurate. 

The  focal  distance  of  concave  glasses  can  be  ascertained  with  tolerable 
accuracy,  by  selecting  the  convex  glass,  which  when  combined  with  the 
concave,  removes  all  effect  of  tho  latter.  But  in  doing  this,  it  is  not  a 
matter  of  indifference  which  of  the  two  glasses  is  turned  towards  the  eye. 
By  the  above-described  method  I  have,  in  connexion  with  Dr.  Doijer,  de- 
termined the  focal  distances  of  the  spectacle-glasses  (those  with  shorter 
focal  distances  directly,  those  with  longer  by  combination)  in  my  box,  fur- 
nished by  Paetz  and  Flohr  at  Berlin,  and  I  found  that  the  focal  distances 
are  all  shorter  than  is  stated.  This  is  in  great  part  to  be  attributed  to  the 
fact,  that  the  distances  are  expressed  in  Prussian  inches,  which  are  some- 
what less  than  the  French.  If  we  calculate  a  reduction  in  the  ratio  of 
15 :  16,  the  deviation  will  be  slight  enough  to  prevent  any  practical  incon- 
venience. My  proposal  to  make  Parisian  inches  the  basis  of  the  formulse  of 
the  numerical  values  of  tho  range  of  accommodation,  of  anomalies  of  refrac- 
tion and  of  the  glasses,  is  generally  enough  followed,  to  make  it  highly 
desirable  that  boxes  should  be  obtainable,  tho  fucal  distances  of  whose 
glasses  should  be  accurately  expressed  in  Parisian  inches.  I  feel  confident 
that  Nachet  et  fils,  opticians  in  Paris,  will  bring  them  into  the  market 

The  nature  of  the  material  of  which  the  glasses  are  prepared  can  be  best 
ascertained  by  determining  the  coefficient  of  the  refraction  of  light.  In 
order  to  calculate  this,  according  to  the  simple  formulas  (compare  p.  40), 
we  must  know  tho  focal  distance  and  the  radius  of  the  two  surfaces  of  cur- 
vature. The  mode  of  determining  the  focal  distance,  with  the  aid  of  the 
ophthalmometer,  has  been  accurately  explained.  The  same  instrument  may 
serve  for  deducing  the  radius  of  curvature  from  the  magnitudes  of  the 
catoptric  images.   The  method  is  the  same  as  that  used  for  the  determination 
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of  the  radius  of  the  cornea  (oompare  p.  18).  If  in  this  mode  we  determine 
the  coefficient  of  refraction,  we  shall  find,  that  many  lenses  are  considered 
to  be  pebbles,  which  consist  of  fiint  glass,  or  eyen  of  simple  crown  glass. 


§  12.  Direct  influence  on  vision,  of  glasses  with  spherical  surfaces. 

"When  such  glasses  are  held  before  the  eye,  thej  arc  to  be  considered 
as  an  integral  constituent  of  the  dioptric  system  of  the  organ.  We 
shall  now,  in  the  first  place,  consider  the  glass  to  be  centred  with  this 
system,  that  is,  that  the  centres  of  curvature  of  its  surfaces  lie  in  one 
axis  with  the  centres  of  the  surfaces  of  curvature  of  the  eye.  If  this 
be  not  the  case,  certain  deviations  will  result,  which  we  shall  consider 
at  the  end  of  this  section. 

Now  the  immediate  consequences  of  placing  a  glass,  with  positive 
or  n^ative  focus,  before  the  eye,  are  these : — 

1^.  The  greatest  and  least  distances  of  distinct  vision,  P  and  £, 
undergo  a  modification. 

2**.  The  range  of  accommodation  is  altered. 

3^.  The  region  of  accommodation  changes  in  position  and  extent. 

4^,  The  magnitude  of  the  retinal  images  does  not  continue  the 
same. 

5®.  The  determination  of  the  distance,  magnitude  and  form  of 
the  objects,  undergoes  a  change. 

6®.  Stereoscopic  vision  with  two  eyes  suffers  some  modification. 

I  shall  investigate  and  explain  these  results  consecutively. 

The  direct  infiuence  of  glasses  with  negative  or  positive  focus 
is: — 

1®.  The  greatest  and  least  distances  of  distinct  vision,  P  and  R, 
undergo  a  modification.  To  prove  this  we  need  only  follow  the 
action  of  the  glass  on  the  course  of  the  rays  of  light. 

For  the  eye  0  (Fig.  76)  without  a  glass,  let  p  be  the  nearest 

Fig.  76. 


point  of  distinct  vision,  then  the  rays  y  /  a  and  //  /  6  unite  in  the 
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retina  N.  Now  if  the  lens  L  be  placed  before  the  eye,  the  rays  p^  e^ 
andj^o  ^o  refracted  by  the  lens,  will  accpire  the  same  direction  as 
P  c  and  p  (I;  that  is,  they  will  proceed  as  /  a  and  /  b  and  fall  into  the 
eye,  and  will,  therefore,  in  the  same  manner  unite  in  the  retina :  pk=^ 
P,  has  therefore  given  way  to  p^  k  =  F**.  The  calculation  is  very 
simple.  Let  Y  be  the  focal  distance  of  the  lens ;  x  the  distance  of 
the  lens  from  k,  then  P  —  ar  is  the  distance  of  the  lens  L  from 
P,  and 

1  1_       1 

Thus  wc  find  F*  —  ^,  in  which  we  have  only  to  number  k,  in 
order  to  find  P,,. 

In  like  manner  tt°  should  be  found  from  the  formula 
1  1    _      1_ 

K—x  +  P  -  K"- J''- 
If  L  were  a  negative  lens  (compare  Fig.  77),  the  rays/?o  «^o  ^  ^"^ 

Fijr.  77. 


/>- 


/Jo  ^o  ly  refracted  by  the  lens,  should  have  acquired  the  directions  I  a 
and  /  fjy  as  if  they  had  proceeded  from  P,  and  an  accommodation  for 
the  distance  ;>  /•  =  P  should,  tlirough  the  lens  have  given  way  to  an 
accommodntion  for  ;/  /•  =  F*.     In  this  case  F  is  found  by  the 

formula  ,,  _  —  l^  =  i>  Z.  •  ^^^  *^^^  manner  we  find  the  modi- 
fication for  the  distance  II,  and  for  that  of  every  other  point,  for 
which  the  eye  is  accommodated. 

If  we  neglect  the  distance  .r,  the  formula?   become   simplified 
rcsijectively  to 

But  it  is  only  in  the  use  of  weak  glasses  that  this  is  in  practice  un- 
attended with  inconvenience.    If  in  a  ])rcsbyopic  individual  P  =  24', 

then  with  a  glass  of  y  ,    .,;,  becomes  about  =  +  ^^^  =    ,  and 

P*  therefore  =  8'. 


Modification  of  the  range  of  accommodation,  145 

If  in  a  myopic,  E  =  lO'j  then  we  find  with  a  ghiss  of  —  .  r^,  neg- 

lecting  JT,  1  =  ^  J  -  1^  ^  eV  »'  =  6^'i  ^hile  the  exact  calca- 

lationj  assoming  ^  ^  ii  givesj  in  the  first  case 
1     _  1_         1    _      1 

F  =  8-444 ; 
in  the  second  case 

1_  _  i   _  A       J_ 

R-  — ^"94         U^45'6' 

B"  =  46a. 

In  these  crises  the  vainer  of  R**  according  to  the  two  calculations 
differ  too  much  to  allow  of  onr  neglecting  w. 

2^.  Tke  range  of  accommodation  U  aUered.—Bj  the  use  of 
negative  glasses  it  becomes  greater,  by  the  use  of  positive,  on  the 
contrary,  it  becomes  less.  Much  more  still  does  it  diminish,  with 
reference  to  the  actual  distance  of  the  objects  observed|  in  using 
microscopes  and  telescopes* 

With  PMpeot  to  the  abaolute  range  of  acoommodatioii  -t=  p —  ^, 

it  ehtiiiKee  into  i^- If  —  —  ^r-  were=  L—  t-  »then  ^should 

be  =  —  Thisia,  however,  the  case  only  when  we  can  leave  x  out  of  the  oal- 
culatioD.  la  this  case  the  scheme  of  the  aocommodation  (Fig«  7S  a)  with 
^  ^  Fig.  78. 


^    7 

7 

Zc-L 

T         4^1 

nwrflTnti 

^z^              i 

00  11021'        34^32'        §9^20' 


1  1  11" 

Jf  ^  ^  should  by  glasses  of —  (or  rather  of  —  s-r-  at  —  diatanoe  from  ^), 

w  8  7'i>       2 

10 
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simply  be  so  altered,  that  the  lines  pi  jp*;»  and  r  r"  should  lidl  only  |^ 

taining  the  same  form,  and  should  then  be  changed  into  fig.  73  h. 

We  should  thus  obtain  :  — 

1  _   1  1    __i_-.  I L 

Zi"  P  "  R  "  A**"^  I^      H^' 

This  is,  however,  applicable  only  in  slight  degrees  of  ametropia,  and  witk  | 
the  use  of  weak  glasses.  This  may  be  seen  from  the  following  oonsidera^on. ! 

We  wish  completely  to  correct  the  myopia  of  -g-^  represented  in  Fig.  78  s, 

therefore,  to  make  the  dioptric  system  emmetropic,  by  the  addition  of  a  loii. 
Now,  if  jr  be  =  J,  this  lens  must  be  —  7J.  Then,  in  fact,  parallel  rays,  re- 
fracted by  the  lens,  acquire  a  direction,  as  if  they  had  proceeded  from  a  poiaft 
situated  at  7  J  inches  in  front  of  the  X,  and  therefore  8'  before  *  (compue 
Fifi^«  76),  and  i2o  becomes  =  «> . 


1 


Now  what  is  P*,  assuming  that  -y 

2f,  as  in  Fig.  78  a  ? 
The  calculation  shows : — 

1_ 1       _    1  =J  _  1. 

P    -x"  Po-'X       7i       2i       H 
F*  —  x  =  305  and  P^  =  3-65. 

Consequently  ^-o  "=  ^  ^ -^  =  s^o' 


,  and  that  P  therefore  amonnlito 


.    1 
3-05' 


While 


1  1 

^was  =  ^, 


and  the  absolute  range  of  accommodation  has  therefore  become  greater.  Ii 
place  of  by  simple  reduction  obtaining  Fig.  79  a  (the  same  as  Fig.  78  b)  w< 
obtain  Fig.  79  ft. 

Fig.  79. 
^''  h 
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What  is  the  effect  of  the  glass  on  the  binocular  range  of  accommodation 
The  binocular  farthest  point  is  by  the  glass  brought  to  infinity,  therefore,  P^  ~ 
Qo .  In  order  to  ascertain  P^  we  must  know  where  the  line  jp^tplp^  shall  ou 
the  line  of  conyergence  k  k'.    This  should  be  discoverable  only  by  an  exper 
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ment^  calcalation.  But  in  determining  the  relative  range  of  accommoda- 
tion ihe  farthest  and  the  nearest  binocular  points  were  also  ascertained 

with  —  --,  and  thence  it  appeared  that  this  point  (p^  of  Fig.  79  h)  Uei  at 

14^  The  binoeular  range  of  aceommodation  of  the  reduced  myopic  eye 
therefore  amounts  only  to  : — 

and  is  Ihertifore  much  less  than  7--  =  -;-=-,  —  ^^.  =  -r-^^^r,  *  being  the  hino- 
iamlar  range  of  accommodation  of  the  myopic  eye,  without  a  negative  glass 
(Fig.  78  a).  However,  -j^  i«  still  ffreat^  than  in  the  simple  rednction, 
expressed  by  Fig,  79  a  (whereby  ^f^  i~)  *  ^^^  ^^^^  favourable  ciroum- 

stunce  makes  it  at  least  somewhat  easier  to  many  myopic  individuals,  to 
Bcenear  objects  with  a  reducing  glass  (whereby  J?  ^  ao),  than  would  have 
been  inferred  from  the  impossibility  of,  with  slight  oonvergenoe,  bring- 
ing into  action  a  proportionate  accommodation.  Besides,  the  range  of 
binocular  accommodation  in  reduced  myopia  usually  proves  considerably 
more  Jav curable  than  in  the  case  represented  hj  Figures  78  and  79. 

The  above  is  applicable  in  the  use  of  glasses  with  a  negative  focus ;  those 
with  a  positive  focus  have  precisely  tho  opposite  inlluence.  The  subject  is, 
in  its  farther  application,  important  enough  to  justify  its  illustration  by  an 
example. 

1 
Let  ns  suppose,  that  in  a  case  of  hvpermetropia  IT  =  ^»  P  at  12',  there- 

Through  a  glass  of  — ,  placed  at  half-an-inoh  from  the  eye,  B^  becomes 

* 
=^  oo  and  P^  is  found  ajs 

J__      _   1_        1 1_ 

I^        ^~ 'll{  ■•"  8{~4*88' 
Cansequently  P„  ^  5*38, 

•0  that,  with  i  =  /. , 
A         4'CJ 

-  ^   has  become  =  ,- „, 
A^  5-38' 

and  the  total  range  of  accommodation  is  therefore  decreased.    In  hyper- 

mela^pia,  however,  the  gr*2at  advantage  is  always  obtained   by  reducing 

glasses,  that  the  useless  part  of  -. ,  namely,  that  of  the  accommodation  for 

oon verging  rays,  is  removed.  Moreover,  the  increase  of  the  range  of  aooom- 

modation^  by  the  reduction  acta  favourably  on  -r^t  in  so  far  that  thereby  the 

too  strong  accommodation,  peculiar  to  slight  convergence,  is  partially 
_fpfrected, 

\  influence  which  has  here  been  spoken  of  is  likewise  exercised 

2 
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by  positive  glasses,  when  they  are  used  by  emmetropic  individuals  against 
presbyopia,  or  as  magnifying  glasses  (even  by  myopio  persons).  If  the  emme- 

tropic  eye,  with  -^ss  -,  uses  a  magnifier  of  - ,  at  0*5'  from  the  nodal  point, 

i2o  becomes  =:  3j 
jPo  becomes  =  2^^ 

^^-Zo  =  5^4- 
If  the  magnifying  glass  has  only  1'  focal  distance,  -^  becomes  =  vojthat 

is  three  tinfes  less  than  -z.  Hence  we  see  how  much  the  range  of  accom- 
modation is  reduced  by  the  use  of  a  magnifier.  The  reduction  is  greater, 
the  farther  the  glass  is  held  from  the  eye.    With  a  magnifier  =  ^  and  x  = 

l'^  —  becomes  =  -—  ;  with  the  same  magnifier,  x  being  =  3",  we  find 

■j^  r=  -Tj^.   With  the  strong  lenses  of  simple  microscopes  -j^  becomes  still 

less,  on  account  of  the  stronger  system,  but  continues  greater,  because  the 
eye  is  usually  held  closer  to  the  lens. 

In  the  use  of  the  compound  microscope  we  see  an  aerial  image  (formed  by 
the  object-glass)  through  a  lens  (the  eye-glass).  This  aerial  image  possesses, 
as  a  simple  calculation  shows,  an  extraordinary  depth  in  relation  to  the  slight 
depth  of  the  object.  Since  it,  moreover,  lies  very  close  to  the  eye,  and  is 
seen  through  a  lens,  the  accommodation  of  the  eye  in  relation  to  the  difierence 
in  depth,  that  we  can  see  of  the  observed  object,  is  reduced  nearly  to  zero.  The 
great  depth  of  the  aerial  image  possesses,  however,  this  advantage  for  mi- 
croscopic observation,  that  of  the  object  a  definite  surface  is  accurately  seen, 
and  what  lies  only  a  littie  above  or  bei^eath  appears  very  diffused,  and 
therefore  has  no  disturbing  infiuenoe. 

In  the  use  of  telescopes  also,  the  accommodation  of  the  eye  is  almost  en- 
tirely removed.  For  with  a  telescope  which  enables  us  to  see  an  infinitely 
remote  object,  with  relaxation  of  accommodation,  we  can,  with  the  greatest 
tension,  see  only  at  a  very  great  distance ;  and  this  difierence  requires  of  the 
eye  without  any  glass  scarcely  any  change  of  accommodation.  But  even  the 
accommodation,  of  which  the  telescope  itself  is  capable,  by  altering  the  dis- 
tance between  the  eye-glass  and  the  object-glass,  represents,  in  the  difie- 
rence in  distance  of  the  objects  which  are  distinguished,  only  an  extremely 
slight  range  of  accommodation.  A  simple  calculation  will  easily  show,  that 
an  eye  behind  a  telescope  finds  its  accommodation  almost  entirely  annihilated. 
A  positive  lens,  like  the  object-lens,  forms  images  behind  it,  at  a  distance 
varying  from  -P  to  oo .  At  the  distance  F  lie  those  of  infinitely  remote  ob- 
jects, at  an  infinite  distance  lie  those  of  objects  situated  at  the  distance  F 
before  the  object-lens.  If  a  more  or  less  myopic  eye  be  now  placed  so  far 
behind  the  object-lens,  that  accommodating  for  It,  it  sees  accurately 
the  dioptric  image  of  infinitely  remote  objects,  the  objects,  whose  dioptric 
images  are  seen  with  accommodation  for  P,  will  also  lie  at  a  tolerably  great 
distance.    Consequentiy  the  range- of  accommodation  is  very  much  limited, 
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eTen  by  the  objeot-lens  alone.  Now,  this 
liatiiiitioii  incroises  ooimderablj,  when  the 
eje  lookt  in  addition  through  an  eTe-piece, 

And  is  thus  much  nearer  to  iTie  focus  of 
the  object- len«.  If  the  eye-piece  oonsistB 
of  po«itiTe  lenseSj  as  in  the  proper  te- 
lesoope^  this  is  bo  close  behind  the  foousi 
that  the  images  formed  by  the  objuct* 
glass  of  even  rather  remote  object*  fall  with- 
out the  instTument,  and  thus  vision  will 
extend  only  from  infinite  to  very  remote  dia- 
tanoea.  If  tbe  eye-pieee  be  a  negative  lens, 
fts  in  the  Dutch  telescopes,  this  is  immedi- 
fttaly  in  ^ntof  the  focus  of  the  object-lens, 
ao  that  the  strongly  convergent  incident 
rays  through  this  eye-pieoe  acquire  a 
(ftlightly  diverging)  direction,  whereby  they 
eomis  to  a  focus  on  the  retina^  But  of  less 
i«inote objects  the  ima^e  lies  so  much  iarthcr 
ftom  the  objcct-gla««,  that  the  rays  reach  tbe 
eye-piece  oomparatively  less  converging,  and 
by  this  negative  lens  are,  therefore,  rendered 
to  highly  divergent,  that  the  strongest  ac- 
commodation is  no  longer  capable  of  bringing 
them  to  a  focus  upon  the  retina. 

The  redaced  range  of  accommodation 

in  looking  through  microscopes  and  tele- 
aoopcamay  be  calculated,  when  are  given  ; 

the  range  of  aecommodaUon. 
vx 

^^  the  focal  diatanco  of  the  object-glass, 

ff  the  fo«*al  distance  of  the  eye-pi  ^^e. 

X  tbe  distance  from  the  object- glass  to  the 

eje-pieoe. 
»/  the  distance  from  the  eye-piece  to  A;  in 

the  eye. 
It  may  suffice  to  exphin  this  farther  for 
the  Dutch  telescopes. 

If  the  eye  (Fig.  80,  O)  be  adjusted  for  in- 
finite distance^  the  rays  a  b  and  «'  h'  falling 

I  on  the  object-glass  U,  arc,  after  re- 
directed HB  c  d  and  cf  if  upon  tf> ; 
rendered  parallel  by  the  eye-piece  T  f,  they 
now  further  impinge  as  r  f  and  e^J*  upon 
the  cornea,  and  unite  after  refraction  on  the 
retimi  N.  The  relaxed  emmetropic  eye  in 
tlit«  manner  sees,  with  the  t«ltncu[w,  in- 
tijiitrly  rtsmote  objects.     If  the  eye  now  ac 


I- 


i« 


a- 
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oommodate  itself  for  the  point />,  the  rays  e^ftjid  e*/'',  directed  to/i,  oome 
to  a  focus  on  the  retina.  In  order  to  acquire  this  direction,  they  must,  as 
i,  b^  and  i,  \^  have  proceeded  from  such  a  point  (i,  not  visible  in  the  figure) 
in  front  of  the  object-glass  /  /,  that  after  refraction  through  the  object-glass 
they  are  directed  as  c,  d,  and  c,,  d^,  upon  j.  In  the  supposed  point  t  the 
prolongations  of  h„  i,  and  h^,  i„  intersect,  and  the  point  t  is  therefore  the 
reduced  nearest  point  of  distinct  vision.  Consequently  the  distance  from  the 
point  I  to  the  nodal  point  k  of  the  eye  (O)  is  the  reduced  shortest  distance 
of  distinct  vision,  which,  since  the  farthest  is  infinite,  is  in  this  case  =  «,  and 

thus  sho^  the  reduced  range  of  accommodation  -. 

^  a 

In  the  telescope  adjusted  for  infinite  distance  and  emmetropic  eyes : 

Moreover, 

We  now  seek,  in  the  first  place,  h^j  =  /,  according  to  the  formula  of  the 
conjugate  focal  distances, 

j__2.—  1 

J"^  F      A^x. 

We  now  know  hj=:J-^  ij\  and  calculate  h  t  again  according  to  the  same 

formula 

l  =  i— J- 
hi      F      hf 

Therewith  are  known 

^  I  -^  ty  +  ar  =  I  ^  =:  a, 

and  therefore  also  the  reduced  range  of  accommodation  — . 


3°.  The  region  of  accommodation  alters  hi  position  and  extent. 

By  range  of  accommodation  (accomjpodatie-ir^^rf/f^)  we  understand 
a  dioptric  value,  as  being  proportional  to  the  focaT distance  of  the  lens, 
which  expresses  the  difference  of  accommodation  for  P  and  for  R. 
The  region  of  accommodation  (het  accommodatic-^^^/V^),  on  the 
contrary,  is  only  the  expression  of  the  distance  between  r  and  jo,  and 
is  therefore  =  E  —  P.  The  accommodation  rules  this  distance  in 
every  direction,  andVe  might  therefore  call  it  also  the  radius  of  the 
region  of  accommodation.  Evidently  a  completely  different  region 
of  accommodation  may  correspond  to  the  same  range  of  accommoda- 
tion, and  mce  versd.  If  E  =  Qo ,  P  =  6,  the  range  of  accommoda- 
tion is  ^r;  the  region  of  accommodation  on  the  contrary  extends 
from  infinity  to  six  inches  before  the  eye.     If  E  =  6,  P  =  3,  the 
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111 
range  of  accommodation  13  likewise  a  ""  a  —  gi  ^'^^  ^^^  radius  of 

the  region  of  accommodation  is  reduced  to  6'  —  S'  ^  B\  There 
IB  consequently  no  proportion  whatever  between  range  and  region 
of  accommodation. 

The  above  is  sufficient  to  remind  ns  what  region  of  accommoda- 
tion, in  relation  to  range  of  accommodation,  signities.  We  now  see 
at  once,  that,  wliile  the  absolute  range  of  accommodation  undergoes 
only  a  slight  raodificatian  by  spectacles,  the  region  of  accommoda- 
tion is  quite  altered  by  thera»  A  myopic  inchvidual,  for  example, 
with  B  =  S*"  and  P  =  3',  whose  region  of  accommodation  has  a 

radius  of  only  6'  —  3'  —  S*',  sees  through  glasses  of  —  ^  ,  placed 

at  4'  ft^ni  t'te  eye,  r  brought  to  go,  and  p  to  about  6':  his 
range  of  accommodation  has  coutinued  about  the  same,  and  bis  re- 
gion of  accgmmodation  has  become  infinitely  greater.     A  hyperme- 


1 


1 


tropic  person  of  ^,  with  range  of  accommodation  —  -^  sees  from  00  to 

f  ^  —  Q  =  ^^  J  24',-  through  glasses  of  7  J,  at  i"  from  the  eye^  he 
sees  from  ^  to  not  much  less  than  6',  —  again  without  change  of 
the  range  of  accommodation,  save  only  in  so  far  as  the  useless  ^  is 
rendered  useful  range  of  accommodation.  ITie  presbyopic  subject, 
on  the  contrary,  who,  with  a  range  of  accommodation  of  ^,  has  a 
region  of  accommodation  from  00  to  24'  from  the  eye,  loses,  by  the 
uscof  glasses  of -2*  ^  consideiuhle  pari  thereof ;  the  accessory  modifi- 
cations being  omitted,  his  region  of  accommodation  is  limited  to 
24*  —  12'  —  12",  although  his  range  of  accommodation  was  scarcely 
modified  by  these  glasses* 

The  examples  herd  given  have  certainly  been  sufficient,  to  deduce 
the  gcnend  rule : 

that  glasses  increase  the  region  of  accommodation,  when  they 
make  r  approach  to  oc^  and  on  the  contrary  dimmish  it  when  they 
r«move  r  from  00, 

Hence  it  follows,  that  if  for  a  certain  object  a  definite  distance  of 
distinct  and  easy  vision  was  not  usually  required,  it  would  in  general 
be  indicated  to  give  myopic  and  hypermetropic  ujdividuals  command 
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over  the  greatest  possible  region  of  aocommodatioD,  by  the  com- 
plete neutralisation  of  the  ametropia^  and  thus  to  put  them  on  a  par 
with  emmetropic  persons.  Frequently,  however,  this  cannot  be  done, 
because  for  a  definite  object  we  must  also  attend  to  the  distance  of 
the  nearest  point,  as  in  presbyopic  persons. 

4°.  Tke  magnitude  of  the  retinal  images  does  not  continue  the  same. 

A  comparison  of  the  angles,  under  which  objects,  accordingly  as 
they  are  viewed  with  or  without  auxiliary  glasses,  exhibit  themselves 
to  the  eye.  can  without  further  determination,  take  place  only  so  fer 
as  the  object  at  the  distance  at  which  it  is,  can  be  accurately  seen 
both  with  and  without  these  glasses.  To  a  certain  extent  this  is 
indeed  very  possible.  An  emmetropic  person,  for  example,  with 
sufficient  power  of  accommodation,  can  accurately  see  an  object 
situated  at  8"'  from- his  eye,  not  only  without,  but  also  with  glasses, 

whether  of  r^  or  —  ,   .     A  myopic  person  can  do  the  same  with 

respect  to  a  near,  a  hypermetropic  with  respect  to  a  more  remote 
object.  In  all  these  cases  we  can  easily  satisfy  ourselves,  that 
glasses  with  negative  focus  diminish  the  images,  while  those  with 
positive  focus  magnify  them.  Thft  demonstration  of  this  is  very 
simple.     The  relation  between  the  magnitude  of  the  retinal  image 

Fig.  81. 


»/ 


Jf  or  p  (Fig.  81),  and  the  object  i  i  or  B,  is  dependent  on  the  position 
of  the  nodal  point  i.  The  more  the  latter  Aoves  forwards,  the 
larger  does  P  becomt,  in  relation  to  B ;  the  more  backwards,  the 
smaller  it  becomes.  What  the  eye  can  now  do  by  accommodation, 
that  is,  by  alteration  of  its  crystalline  lens,  scarcely  displaces  the 
nodal  point,  because  the  latter  lies  in  the  crystalline  lens  itself. 
On  the  contrary,  so  soon  as  an  auxiliary  lens  is  placed  before  the 
eye,  Jk  moves  forwards,  if  it  be  a  positive,  backwards  if  it  be  a 
negative  lens, — and  the  more  so  for  the  same  lens,  according  as 
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the  latter  is  further  removed  from  the  eye,     Tlie  amount  of  this 
displacement  is  easily  calcuktetl  (compare  p.  56  and  p,  65).   There- 
fore,  the   retind  image   is   larger  when  the  object  is   accurately 
te?rithout  tension  of  accommodation  through  a  positive  lens^  than 
it  is  accurately  seen  without  this  lens  hy  tension  of  accom- 
_  tion  of  the  eyc|    and  on  the  contrary,  it  is  smaller  when,  by 

very  strong  tension,  it  still  exhibits  itself  distinctly  through  negative 
glasses. 

With  gloBaes  of  shorter  foccil  distance  (common  magnLfying  glaesefi),  tlio 
amoant  of  enlargement  cannot  be  in  this  manner  determiniid.  Tbe  obje{)t 
mtiat  then  be  held  closer  to  the  eye  than  it  can  be  accuratoly  seen  witbont  ill© 
leos,  and  the  magiutadea  of  tho  images  are  consequently  no  longer  comparable. 
In  thisoaao  we  are,  therefyre,  com|n?lled  to  start  from  an  accommodation  for  a 
definiie  point,  and  to  caleiilate  how  large  the  rotinal  imago  under  the  cir- 
cumstance is  ;  this  magnitude  we  can  then  compare  with  that  of  the  accurate 
retinal  image  obtained  with  the  aid  of  the  lens,  while  the  object  is  brought 
io  the  dietunoe  of  distinctne^  of  the  eye  armed  with  the  leus.  In  tbis  com- 
parison the  enlargement  now  provea  lesa^  in  pro^x^rtion  as  the  distance  of 
distinct  viwon  of  the  naked  eye  is  shorter ;  to  tide  distance,  in  fact,  the  re- 
tioal  image  is  nearly  inversely  proportional,  while,  on  the  contrary,  the 
magnitude  of  the  image  seen  with  a  strong  lens  increases  but  little  in 
proportion  to  the  increase  of  the  distance  of  distinct  vision  of  the 
unaided  eye. 

S''.  TA^'  determination  of  He  di^iume^  magnitude^  and  form  of  ike 
oijeck  undergoes  a  change. 

In  order  to  demonstrate  the  iniliience  which  positive  and  negative 
glasses  exercise  on  our  estimation  of  ihstance,  magnitude  and  form, 
it  is  necessary  to  trace,  in  what  manner,  without  the  use  of  glasseSj 
this  estimation  is  established. 

With  differences  in  the  distances^  magnitude,  and  form  of  objects, 
are  connected  peculiar  modifications  in  the  reqniaite  movements  of 
the  eyes,  in  the  accommodation  and  chiefiy  in  the  retinal  images ; 
and  in  the  changes,  which  these  undergo  by  accommodation,  and 
by  movements  of  the  eyes  or  of  the  heat),  and  of  the  whole 
body.  It  is  exclusively  from  these  modiijcationSj  that  the  mind  is  in 
a  position  to  form  an  opinion  as  to  (hstance,  magnitude,  and  form. 
This,  however,  for  the  most  part  takes  place  spontaneously,  quite  in- 
voluntarily, or  at  least  without  consideration.  The  rapidity  of  the 
judgment,  without  analysis  of  the  elements  on  which  it  is  basedj  is 
the  result  of  practice,  partly  of  the  individual,  partly  of  his  parents, 
and  IB,  in  the  Utter  sense,  iunate. 
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In  the  first  place,  we  observe  that  the  estimation  of  distance  and 
that  of  m^nitude  are  correlative.   Three  cases  are  to  be  distinguished. 

1.  We  know  the  true  magnitude  of  the  object,  and  thence  form,  by 
the  magnitude  of  the  retinal  image,  our  opinion  as  to  the  distance ; 

2.  We  know  the  distance  and  base  thereupon  our  opinion  of  the 
magnitude ;  3.  Distance  and  magnitude  are  both  imperfectly  known, 
and  through  reciprocal  influence  an  idea  is  developed,  which  brings 
both  into  comiexion  with  one  another,  and  thus  at  the  same  time 
more  accurately  defines  them.  The  connexion  just  mentioned 
between  our  estimation  of  distance  and  of  magnitude  is  particularly 
striking  when  we  project  the  ocular  spectrum  of  a  flame  upon  a 
wall,  in  which  case  we  suppose  the  flame  larger,  in  proportion  as 
we  withdraw  from  the  wall,  and  smaller  in  proportion  as  we  approach 
it,  notwithstanding  that  the  retinal  image  of  course  remains 
unchanged. 

In  order  thoroughly  to  investigate  how  our  judgment  is  esta- 
blished, wc  must  examine,  what  and  how  we  are  able  to  distinguish, 
first  under  the  simplest,  and  subsequently  under  more  and  more  com- 
phcated  conditions  of  vision,  whereby  new  means  are  each  time  added 
to  those  already  obtained,  confirming  our  opinion  with  greater  cer- 
tainty, and  sometimes  modifying  it. 

The  following  are  to  be  distinguished  as  conditions  of  vision : — 

a.  An  eye,  without  motion,  seeing  figures  in  a  plane,  to  which  the 
visual  line  stands  perpendicular ;  b,  the  same  eye,  looking  freely  into 
space ;  <?,  an  eye  with  movable  visual  line  looking  on  a  surfiace  or 
into  space ;  rf,  an  eye,  by  movement  of  the  head  or  even  of  the  body, 
changing  its  place ;  e,  two  eyes  at  rest ;  f,  two  eyes  in  motion ; 
g,  two  eyes  with  movement  of  the  head  or  of  the  body. 

We  should,  however,  be  led  too  much  into  detail,  were  we  fully  to 
follow  out  this  scheme.  We  must  confine  ourselves  to  a  succinct 
and  elementary  development  of  the  intricate  question,  and  shall 
also  even  pass  over  almost  completely  in  silence  the  literature  of 
the  subject,  which  has  attained  to  a  wholly  disproportionate 
extent. 

Here,  under  5°,  we  speak  of  our  judgment  in  seeing  with  one 
eye;  under  6°,  stereoscopic  vision  with  two  eyes  comes  under 
consideration.  We  begin  by  supposing,  that  the  figures  are  all  si- 
tuated in  one  plane,  which  is  viewed  only  from  one  point  with  T)ne 
eye,  whose  visual  lin^  is  perpendicular  to  this  surface.  In  this 
manner  we  have  no  means  of  directly  judging  of  the  true  magnitude. 
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'  otAenaise  kmncn  io  m.  It  is  only  witb  respect  to  the  dis- 
i  the  consciousness  of  our  accommodation  gives  some  idea. 
Xet  a  person,  througli  a  tube  perforating  a  wallj  so  that  be  cannot 
estimate  its  length,  read  print  placed  behind  the  tube ;  in  this  way 
many  will  form  a  not  very  incorrect  idea  of  the  distance,  and  conse- 
quently also  of  the  magnitude.  If  we  now  place  in  the  tube  a  weak 
positive  glass,  so  that  less  knsiou  of  accommodation  shall  be 
required,  the  prmt  will  appear  to  the  obscrv^er  to  be  at  a  greater 
distance,  and  lie  will  therefore  suppose  it  to  be  really  larger, 
even  though  a  print  st>  much  smaller. has  been  substituted,  that  the 
retinal  image  has  retained  the  same  size.  If,  on  the  contrary,  we 
place  in  the  tube  a  negative  glass,  whose  action  can  still  very  well 
be  overcome  by  tension  of  accommodation,  the  observer  will  suppose 
that  the  print  is  closer  to  the  eye,  and  tlie  actual  magnitude  is  thus 
set  down  as  less,  even  if  a  t)"pe  have  been  taken  so  much  larger,  that 
the  n^tinal  images,  notwithstanding  the  diminishing  influence  of  the 
negative  glass,  have  maintained  the  same  size, 

Bui  if y  on  the  contrary,  the  magnitude  of  Uie  object  be  known, 
the  judgment  in  general  j^iclds  from  the  consciousness  of  accom- 
modation of  the  eye  having  taken  place,  and  the  object,  seen 
ihiough  a  negative  glass,  is  supposed  to  be  more  remote,  because 
the  retinal  image  is  smaller, — seen  through  a  positive  glass,  on 
the  contrary,  it  is  supposed  to  be  nearer,  because  the  retinal  image 
is  larger. — Exceptionally,  however,  the  consciousness  of  the  required 
accoounodation  comes  into  play,  even  when  we  look  round  in  nature, 
where  there  is  no  want  of  objects  of  known  magnitude,  and  where 
numerous  other  means  of  deciding  are  at  the  service  of  the  mind. 
I  observed  this,  many  years  since,  in  myself  *  As  a  phenomenon, 
namely,  of  diminished  power  of  accommodation,  in  consequence  of 
the  instillation  of  a  weak  solution  of  belladonna,  I  saw  all  objecta  too 
small^  because  I  supposed  them  nearer  to  me,  and  Warlomout  haa 
also  communicated  an  example  of  the  sarat-.f  In  paresis  of  accom- 
modation too,  produced  by  other  causes,  the  same  has  once  occurred 
to  me.  The  determination  of  the  distance  from  the  accoinmodation 
reqaircd,  appears  to  me  besides  in  looking  nni/t  one  eye  to  be  accom- 
plished chiefly  through  the  fact,  that  the  other  (covered)  eye,  in 
counexion  with  the  tension  of  accommodation,  alters  its  convergence, 


•  Nedcrlandich  Laneet,  2*  Seiie,  D,  VI  ,  p.  607,  186L 
t  Jtifiahi  d'Octttidiquty  1853,  T.  xxix»,  p.  277» 
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in  wliich  alteration  we^  in  looking  with  both  ey es^  possess  so  accomte 
an  aid  in  the  comparison  of  distances. 

In  looking  at  objects  in  space,  with  one  eve  from  one  point,  the 
estimation  of  magnitude  and  distance  for  an  infinite  number  of  suc- 
cessive planes  can  be  effected  in  the  same  manner  as  above  for  one 
plane,  and  positive  and  negative  glasses  can  also  in  the  wav  described 
modify  our  estimation.  Thus,  then,  an  idea  of  the  form  of  a  body 
could  be  developed  as  well  without  as  with  the  use  of  glasses. 
Under  these  circumstances,  however,  the  reasoning  is  often  inverted; 
we  know  the  form,  and  thence  deduce  the  relative  distances  of 
different  points. 

This  must  be  further  explained. 

Many  objects  have  for  us  known  forms,  and  on  their  distance  it 
depends,  what  the  form  of  the  i)erspective  image  on  the  retina  shall 
be.     An  example  may  illustrate  this : — 

Let  the  observer  place  himself  before  the  middle  of  a  square  table 
A  B  C  D  (Pig.  82  I).  In  order  to  know  how  large  A  B  and 
C  D  are  represented  on  the  retina,  we  have  only  to  draw  lines  from 
the  points  ABC  and  D,  through  the  nodal  point  h  of  the  eye, 
which  we  suppose  here  to  be  placed  above  the  horizontal  plane  of  the 
table.  We  then  find  the  respective  magnitudes  a  h  and  cd  ovl  the 
retina  E.  "While  the  distance  from  A  B  to  the  eye  amounts  to  the 
double  of  G  D,  the  image  c  d  is  nearly  double  as  large  as  a  d. 
The  retinal  image  has  therefore  the  form  of  Fig.  82  II.  This 
form  leads  us  to  infer,  that  the  nearest  edge  of  the  table  A  B  is 
about  as  far  from  us  as  the  table  itself  is  long.  If  we  now  move 
the  eye  from  A  B  to  C  D,  the  accommodation  required  helps  us  in 
our  decision,  and  if  we  know  the  height  of  the  table,  the  angle  under 
which  the  lines  A  B  and  C  D  are  seen  beneath  the  horizontal  plane, 
in  which  the  eye  lies,  assists  in  determining  our  opinion  as  to  the 
distance.  The  same  table,  placed  at  double  the  distance  from  the 
eye,  gives  another  perspective  image,  in  wliich  a  d  :  c  d  ^2  :  S 
(compare  Fig.  83  1),  and  in  which  the  angles  at  a,  b,  c  and  d 
deviate  less  from  the  right  angles  (11).  We,  however,  consider  the 
dimensions  to  be  equally  great,  and  the  angles  to  be  right  angles, 
only  because  such  is  usually  the  case  ^lith  tables,  and  we  infer 
that  the  length  of  the  table  amounts  to  about  half  the  distance  from 
CD  to  the  eye.  If  there  be  now  only  some  object,  whose  true 
magnitude  or  distance  is  known,  this  serves  as  a  standard  whence 
to   judge  of   all  other   objects,  whose  relative    magnitude   and 


DETERMINATION  OF  DISTANCE. 


157 


distance  are  inferred  upon  the  same  principle    (the  perspective 
projection). 


^1    \\y 


In  the  foregoing  we  assumed  a  knowledge  of  the  true  form 
of  some  objects,  and  the  direction  of  some  lines  or  surfaces.  This 
knowledge,  indeed,  is  scarcely  ever  wanting.  In  a  room  we  see 
surfaces,  which  we  may  consider  to  be  nearly  horizontal  or  per- 
pendicular, and  numerous  objects  which  present  to  us  vertical  and 
horizontal  lines.  From  the  angles  which  these  surfaces  and  lines 
form  on  the  perspective  retinal  images,  we  deduce  our  judg- 
ment. In  nature  the  ground  we  walk  upon,  the  horizontal  water 
sur&ce,  ascending  trees,  houses  with  their  frames  and  windows, 
lastly,  man  himself,  are  sufficient  starting-points.    Therefore  also  we 
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judge  tolerably  correctly  even  what  is  seen  only  with  one  eye  from 
one  point. 

Properly  speaking  our  judgment  can  fail  only  through  an 
intentional  arrangement.  For  example^  the  table  (Fig.  82  a)  would 
have  produced  the  same  retinal  image^  if  the  edge  A  B  had  had  only 
the  breadth  ^  P,  but  at  the  same  time  had  been  proportionally 
raised,  so  as  to  make  the  edges  «  C  and  /3  D  coincide  perspec- 
tively  with  A  C  and  B  D.  Thus  we  can  on  one  surface  (a  drawing) 
represent  a  number  of  objects  in  perspective  projection,  of  which  the 
retina  then  receives  an  image,  such  as  the  objects  themselves  would 
produce,  and  if  the  effect  of  light  and  shade  be  added,  this  image 
may  be  very  deceptive,  when  seen  with  one  eye  from  one  point. 
However,  if  the  surface  be  not  too  remote,  the  consciousness  of  ten- 
sion of  accommodation  will  even  still  teach  us,  that  all  lies  in  one 
and  the  same  plane.  But,  moreover,  these  are  a^HiiScial  circumstances, 
which  do  not  invaUdate  the  rule,  tAat  the  form  of  the  perspective 
projection  on  the  retina  ie  sufficient  to  enable  us  to  judge  of  the  rela* 
tive,  and  even  of  the  absolute  magnitude  and  distance,  provided  only 
the  magnitude  or  the  distance  of  some  object  be  known. 

Now  on  this  judgment,  deduced  from  the  perspective  projection, 
the  use  of  positive  and  negative  glasses  exercises  an  influence.  The 
cause  of  this  is  easily  seen.  In  fact,  in  using  positive  glasses,  the 
objects  appear  to  us  not  only  larger  but  nearer,  and  the  distance  in 
depth  between  two  objects,  and  likewise  between  two  lines  of  the 
same  object,  is  thus  shortened,  there  is,  therefore,  an  enlargement  of 
the  object  with  diminution  of  its  depth;  the  reverse  takes  place  in 
the  use  of  negative  glasses.  We  can  explain  this  still  more  fully.  With 
actual  difference  in  distance  of  objects  the  angles,  as  we  have  seen, 
change,  and  the  proportions  of  the  perspective  images  alter  (compare 
Figs.  82  and  83).  But  proportions  and  angles  remain  the  same,  when 
by  means  of  glasses  the  retinal  images  are  magnified  and  diminished, 
and  we  consequently  suppose  the  objects  to  be  at  other  distances. 
The  form  which  our  judgment  connects  with  the  perspective  image, 
must  therefore  be  different. 

Most  remarkable  is  the  influence  of  the  magnitude  of  the  retinal 
image  on  the  estimation  of  the  depth,  provided  that  we  know  the 
angles  of  a  surface.  If,  for  example,  the  latter  be  the  horizontal  quad- 
rangular leaf  of  a  table,  the  relation  between  depth  and  breadth  will  be 
connected  with  a  definite  magnitude  of  the  retinal  image;  in  other 
words,  the  estimation  of  that  relation  will  be  different,  when  the 


ESTIMATION  OF  DEPTH. 


159 


retinal  image^  retaining  the  same  form,  becomes  larger  or  smaller. 
A  simple  oonstniction  will  demonstrate  this.  In  Figs.  84  I,  and 
S6I,  a  b  and  c  d^Lre  projected  in  the  same  proportion  upon  the  re* 
tinas  B:  they  stand  to  one  another  as  2  :  3.  As  the  adjoining  retinal 
images  11  show,  a  b  lies  lower  than  c  d,  but  stiU  in  the  same  proportion. 
The  retinal  images,  therefore,  do  not  differ  in  the  least  in  form, 
and  nevertheless  we  are  compelled  to  suppose  the  relation  between 
length  and  breadth  in  the  objects  to  be  different  (compare  A  B  D  C 
of  Figs.  84  I  and  85  I),  and  on  this  relation,  different  for  each 
magnitude  of  the  image,  the  distance  at  which  we  project  it,  has  no 
influence  (compare  Fig.  85 1.  A  B  C  D  with  A'  B'  C  D') .    That  we  do 


Fig.  85. 


not  connect  similar  forms  of  the  objects  (unless  they  lie  in  the  same 
plane  perpendicular  to  the  visual  line),  with  similar  forms  of  the  retinal 
images,  but  of  different  magnitudes,  cannot  surprise  us,  when  we  see 
on  the  other  hand^  that  objects  of  similar  form,  but  of  different 
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magnitade^  do  not  give  aniform  retinal  images  (unless  ihoae,  with 
difference  in  distance  of  the  objects,  are  also  equally  large).  If  we 
place  in  the  middle,  or  in  whatever  part  we  think  well,  of  a  quadran- 
gular leaf  of  a  table,  a  square  sheet  of  paper,  imiform  with  this  leaf  of 
the  table,  the  projected  retinal  images  will  be  dissimilar :  the  differ- 
ence in  dimension  of  the  superior  and  the  inferior  boundary  will, 
for  the  table,  be  relatively  greater  (for  this  relation  depends  on  the 
relative  distance  from  the  eye),  and  with  it  the  four  angles  differ. 

Hence,  it  most  clearly  appears,  how  positive  and  n^ative  glasses, 
which  cause  us  to  estimate  the  distance  differently,  and  alter  only 
the  magnitude,  not  the  form  of  the  retinal  images,  modify  our  esti- 
mation of  the  depth.  Hypermetropics  observe  this  most  distinctly, 
who,  armed  with  positive  spectacles,  see  the  objects  larger,  which 
they  before,  through  tension  of  accommodation,  also  saw  distinctly, 
but  smaller,  and  most  of  all  persons,  who  replace  the  lost  crystalline 
lens  with  positive  spectacles.  They  suppose  all  distances  to  be  less, 
and  therefore  see  objects  less  deep. 

Myopic  individuals  experience  the  opposite  influence,  but  some- 
what less  distinctly,  because  without  the  negative  glass  they  did  not 
see  remote  objects  accurately,  and  the  comparison  is  therefore  less 
perfect.  It  becomes  more  evident  when  they  take  a  too  strong  nega- 
tive glass,  which  they,  however,  overcome  by  accommodation ;  and  in 
like  manner  emmetropic  persons  may  in  these  experiments  make  use 
of  a  negative  glass  proportionate  to  their  accommodation.  But  the 
phenomena  appear  much  more  striking  in  using  the  Dutch  telescope, 
for  instance,  when  we  look  through  an  ordinary  double  opera-glass 
with  one  eye,  and  close  the  other.  Let  us  thus  look  at  a  small  table  as 
above.  The  retinal  image  of  course  preserves  its  form :  if  the  glass 
magnifies  n  times,  the  image  is  only  n  times  larger  in  all  its  di- 
mensions. But  we  see  the  table  broader  and  shorter  at  whatever  dis- 
tance we  endeavour  to  suppose  it  to  be.  Often  we  have  difficulty  in 
supposing  it  to  be  short  enough.  Then  it  is,  of  course,  too  broad 
behind :  A  B  (Fig.  83)  appears  to  us  larger  than  C  D.  This  we 
sometimes  correct  by,  in  our  thoughts,  making  C  D  rise  a  little;  and 
those  persons  also  do  this,  who  in  aphakia  wear  a  convex  glass, 
so  that  on  flat  ground  they  suppose  they  are  running  up  a  hill. 

The  phenomenon  is  particularly  striking  when  we  look  with  the 
opera-glass  at  an  ordinary  book,  lying  at  a  short  distance  on  the  table. 
The  book  immediately  becomes  square,  although  the  retinal  image 
retains  the   same  form,  it  often  remains  somewhat  broader  at  the 
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upper  edge,  loses  this  when  in  our  imaginatioTi  it  acquires  an  incli- 
nation, and  the  letters  of  the  tide  are  now  broad  and  low^  while  be- 
fore the  J  were  decidedly  oblong. 

If  we  DOW  turn  the  opera-glass  round :  the  retinal  images,  while 
retaining  the  same  fornij  have  become  diminii^hedj  aud  the  dimen- 
sions in  depth,  contrary  to  our  former  obscn^atioii,  are  very  con- 
siderably increased ;  even  the  leaf  of  the  table  and  the  book  appear 
to  become  narrow  above. 

All  this  takes  place  in  using  one  eye. 

The  estimation  of  rebtive  distances^  in  monocular  visionj  becomes 
still  more  correct  and  certain  when  the  head,  or  eveu  the  boily  moves, 
do  that  the  objects  are  seen  successively  from  diifenmt  points.  In 
this  manner,  in  fact>  a  parallax  is  created  between  objects  placed  at 
tliiferent  distances,  which  apparently  change  their  relative  placca, 
whereby  the  relative  distances  even  of  simple  free  points  can  be 
eitimated. 

6**,  Stertoampic  vmon  wit  A  two  etjva  is  modijivih — From  what  has 
been  said  under  5^,  it  is  evident,  that  the  estimation  of  distance  and 
of  solidity  of  objects,  even  using  only  one  eye,  is  tolerably  perfect.  This 
must  here  be  rememhered,  for  the  beautiful  discovery  of  Wheatstone 
has  been  found  so  important,*  that  it  finally  appeared  to  make  us  forget 
what  a  single  eye  can  do.  Two  eyes,  however,  can  certainly  do  more. 
At  least  when  near  objects  are  concerned,  the  solidity  of  the  object 
can  be  estimated  with  more  certainty  \  we  cannot,  in  binocular  vision, 
aly  be  deceived  by  an  artificial  arrangement,  and  a  peculiar 

fet  to  speak  of  the  older  literature^  which  is  to  be  found  everywhere, 
that  on  binoonlar  vision  has  of  late  yeai-s  been  increased  by  the  following 
great  euays  and  works : — 

Pftnum,  Physioktyische  Unttuuehungen  uber  dm  Sehen  mii  zwei  Jugen. 

Kiel,  IBfiS.  ^ 
Recklinghanflen,  Netzhautfunotionen,  >f rc^iV /.  Ophtkalmohgh^  B,  v.  8.  2, 

1869. 
VolkmaiLnf  Die  Stereoseopi&Ghe  Eraoheinuagen  in  ihrer  Beziehang  zur 

Lehre  der  identisohen  Netzbautpunkten,  in  Jrchwf,  OpWialmoIogu, 

B.  V.  Abth.  2. 

ll,  Da*  Sehen  mit  zwei  Auytm  und  die  Lthre  von  den  ideiUkchen  Neis- 

hautpunkfen.    Leipzig  imd  Heidelberg,  1861. 
Wundt,  a  series  of  articles  reprinted  from  the  Zeiiachrift  f,  railantlU 

Medkifif  collected  under  the  title  of  Beiirdge  zur  Theorte  der  Sin- 

neMwahrnehmtoig,  1862. 
FeobDor,  Ueher  einige  rerftdltnme  dejt  blnocuiaren  Sehem^  from  the  Ahhand- 

Itmgen  d,  h  i.  GeielUchaft  der  Wmenifchajten  vii^i  Leipzig,  1801  \  and 

uumeroun  ahorl  artioleSf  by  Dove  aftd  others,  in  Poggendorfs  JnmUeii 
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sensation  of  the  solid  is  developed  in  os^  which  the  monocular  person 
seems  not  to  be  acquainted  with. 
This  depends  upon  two  causes. 

The  first  is,  that  in  connexion  with  the  distance  between  the  two 
eyes,  in  fixing  a  definite  point  of  an  object,  in  which  the  two  visual  lines 
intersect,  the  retinal  images  of  the  two  eyes  are  not  equal  and  uni- 
form, in  consequence  of  which  most  points  are  seen  as  double  images, 
whose  denation  corresponds,  for  every  direction,  to  the  difference  in 
distance  of  those  points.  With  tins  the  idea  of  the  soUd  arises  in  us ; 
but  often,  if  all  movement  be  avoided,  and  if  no  adjoining  bodies  guide 
us  in  the  estimation,  confounding  of  the  stereoscopic  with  the  pseudo- 
stereoscopic  is  possible :  that  is,  the  point  seen  under  double  images 
may  as  well  be  nearer,  as  more  remote  than  the  fixed  point. 

The  second  cause  is :  the  successive  fixing  of  the  different  points 
of  the  object  (Bruecke).  In  fact  we  are  perfectly  conscious  (at  least, 
if  the  movement  does  not  run  through  large  angles),  whether^.in 
passing  from  one  point  to  another,  single  vision  requires  more  or 
less  convergence,  according  as  the  fixed  point  is  less  or  more  remote 
than  that  previously  fixed.  At  the  same  time,  in  examining  the 
object,  that  is,  in  running  through  different  points  in  different 
directions,  the  two  retinal  images  constantly  change,  and  their 
dissimilarity  every  time  alters,  which  necessarily  forces  upon  us  a 
definite  bodily  form,  and  almost  makes  us  touch  and  feel — which  is 
precisely  the  characteristic  of  binocular  vision.  If,  in  fixing  some 
point,  we  already  have  a  tolerably  acciirate  idea  of  the  position  of  the 
point  indirectly  seen,  which  we  now  wish  to  fix,  we  even  modify,  with 
the  simultaneous  movement  of  the  \isual  Knes,  the  convergence 
of  the  axes.  If  we  miss  tliis  idea,  we  see  the  double  images  dis- 
appear only  when  the  visual  hues  have  about  reached  the  desired 
point.  We  shall  best  satisfy  ourselves  of  this,  if  by  holding  a  car- 
mine glass  before  one  eye,  it  colours  one  of  the  double  images,  and  if 
we  now  look  in  succession  at  points  of  light  situated  at  different 
distances.  We  then  observe  also,  that  ^rith  a  rapid  movement  of  the 
visual  lines,  the  required  change  of  convergence  is  for  a  moment  ex- 
ceeded, and  is  then  quickly  corrected. 

Now  the  use  of  convex  and  concave  glasses  modifies  the  two 
factors  of  stereoscopic  binocular  vision. 

As  concerns  the  first  factor,  we  observe,  that  the  glasses  modify 
the  magnitude^  and  consequently  the  apparent  distance,  without 
producing  a  corresponding  modification  of  the  difference  between  the 
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retinal  images  of  the  two  ejes.  This  difference  decreasej?,  acfcortlingly 
as  the  distance  of  the  objects  increases.  While^  namely,  the  angle, 
under  which  an  object  exhibits  itself^  is  inversely  proportional  to  its 
distance,  the  parallax  of  stereoscopic  vision,  and  therefore  also  the  dif- 
ference between  the  two  retinal  lavages,  are,  at  great  distances,  inversely 
proportional  to  the  square,  of  the  distance.  If  on  the  line  k'  I  (Pig. 
86),  standing  perpendicular  to  the  line  k  k\  connecting  the  nodal 
points  of  the  two  eyes,  two  points  a  and  a  be 
moved  withoot  altering  their  mutual  distance.  Fig.  86. 

then,  as  a  simple  calculation  shows,  at  great 
values  of  k'  a,  with  respect  to  k  Jc  and  to  a  a\ 
the  angle  ak  a  \%  inversely  proportional  to  the 
sqiiare  of  k  a.  Now,  this  angle  is  evidently  the 
parallax  of  the  stereoscopic  vision. 

Thus  it  is  proved,  that  the  retinal  images  of  the 
two  eyes  differ  less,  accordingly  as  the  distance 
from  the  object  is  greater.  With  convex  glasses, 
and  especially  with  an  opera-glass,  the  object  is 
BOW  seen  larger  and  apparently  nearer  \  but  the 
difieieEice  between  the  two  retinal  images  appears 
only  equal  to  what  it  was  in  looking  with  the 
naked  eyes.  Consequently  the  object  exhibits, 
in  reference  to  its  magnitude,  too  slight  a  depth. 
The  reverse  takes  place  in  the  use  of  concave 
glasses,  which  exhibit  the  objects  smaller,  and 
therefore  apparently  at  a  greater  distance.  Thus 
the  first  factor  is  altered. 

As  to  the  second  factor,  it  is  dependent  on 
tho  first :  the  difference  in  the  retinal  images  is 
precisely  that  which  requires  a  difference  of 
convergence,  accordingly  as  we  view  one  or 
other  point  of  the  object,  and  therefore  there  is 
no  necessity  to  treat  separately  of  it. 

From  these  considerations  it  appears,  that,  in 
the  use  of  glasses,  stereoscopic  vision  with  two        ^  '^ 

eyes  modifi^  our  judgment  in  the  same  sense, 
as  takes  place  for  each  eye  separately.     An  apparent  magnifying, 
namely,  of  the  dimensions,  perpendicular  to  the  axis  of  vision,  in 
both  eases,  causes  us  to  estimate  the  depth  as  relatively  less,  and 
mee  verm;  on  a  diminution  of  these  dimensions,  we  are  led  to 
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infer  a  relatively  greater  depth.  However,  in  this  the  modification 
of  the  perspective  projection  for  each  eye  separately  is  of  much 
greater  importance  than  the  modification  in  the  binocular  vision. 

Attention  must  still  be  directed  to  a  few  subordinate  points,  relating  to 
the  influence  of  glasses.  I  allude,  in  the  first  place,  to  the  apparent  move- 
ment of  objects,  when  the  observer,  by  moving  his  heady  passes  from  one 
objeot  to  another.  If  we  see,  namely,  through  the  glass,  the  objects  under  a 
smaller  angle  than  with  the  naked  eye,  we  must  turn  the  head  to  a  compara- 
tively great  degree,  in  order,  by  so  doing,  to  direct  the  visual  line  alternately 
to  the  one  or  to  the  other  edge  of  the  object,  and  thus  the  latter  appears 
to  fly  before  the  movement  of  the  head.  On  the  contrary  it  oomes  in  this 
movement  to  meet  the  glance  of  the  beholder,  when  the  visual  angle  is 
magnified,  and  therefore,  in  reference  to  the  latter,  little  movement  of  the 
head  is  required.  If  the  same  does  not  take  place  tVi  moving  the  eye 
behind  the  glass,  this  is  to  be  ascribed  to  the  fact,  that  a  person,  in  looking 
obliquely  through  the  glass,  no  longer  sees  the  object  in  the  direction  in 
which  it  actually  is,  whereby  the  want  of  harmony  between  the  magnitude 
of  the  retinal  images  and  the  movement  required  to  make  them  pass  over  a 
point  of  the  retina,  is  compensated :  without  this  compensation,  we  oould 
not  have  said,  on  the  preceding  page,  that  the  second  factor  of  stereosoopio 
vision  lies  included  in  the  first.  Finally,  it  deserves  here  to  be  mentioned, 
in  a  single  word,  that  glasses  limit,  if  not  the  magnitude,  at  least  the 
symmetry  of  the  field  of  vision ;  that  behind  glasses  the  movements  of  the 
eyes  are  not  free  in  all  directions ;  and  that  by  reflection  on  the  two  sur- 
faces of  refraction  some  light  is  lost. 

In  the  above  (under  the  6th  head),  our  views  were  based  upon  the  doc- 
trine of  the  identical  or  corresponding  retinal  points.  Of  late  this  has  been 
much  disputed.  It  therefore  appears  necessary  here  to  explain  myself  upon 
this  subject.  In  eyes  wliose  visual  lines  exhibit  no  morbid  deviation,  the 
existence  of  points  which  project  the  impressions  received  upon  each  other 
into  space,  is  not  to  be  denied.  In  this  sense  the  points  in  the  same  meridians 
equally  remote,  upwards  or  downwards,  to  the  right  or  to  the  left,  from  the 
fovea  centralis  of  the  yellow  spot,  may  be  considered  as  sufficiently  correspond- 
ing. The  identity,  however,  is  not  absolute.  The  images  of  two  circles,  of 
somewhat  different  magnitude,  the  one  received  on  the  right,  the  other  on 
the  left  retina  (whether  through  the  stereoscope  or  by  convergence),  so  that  the 
lines  may  coincide  in  the  fovea  centralis,  project  a  circle,  whose  magnitude 
is  the  mean  between  the  two  actually  present.  On  the  contrary,  no  matter 
how  the  observer  may  draw  the  smaller  in  the  larger,  and  what  point  he 
may  now  fix,  he  will,  with  one  eye,  still  always  recognise  the  two  circles, 
and  certainly  see  none  of  medium  magnitude.  So  far  Wheat  stone  was  im- 
doubtedly  right,  when  his  discovery  made  him  reject  the  theory  of  the  iden- 
tical retinal  points.  So  far,  also,  the  statement  made  above,  that  every 
variation  in  the  form  of  the  retinal  images  gives  rise  to  double  vision  of  the 
points  not  falling  upon  corresponding  parts,  is  to  be  corrected. 

But  the  controversy  of  the  identical  points  has  been  carried  still  further. 
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Bome  begaii  hj  wholly  denying  the  raetitAl  projection  of  the  retinal  images 
iDtQ  spaoe*  This  denial  would  not  have  been  made^  if  observers  had  alwa^^a 
difltiu^ibhed  between  two  dlfiereut  things:  the  prujuction  of  the  /letd  of 
'doa  and  the  projection  of  a  point  tn  the  field  of  vision  (Conf,  Ueher  die 
'tffungen  desAuffet^  von  F.  C.  Dondersjo  HoUandische  Btitratje  zu  den  mtai* 

iphjfmiL  IVUsemchaJtettj  herausgegeben  voii  J.  v.  Deen^  F,  C.  Bonders  und 
J«4:.  Molo«chott;  B,  1.  pp.  105  et  seq.,  1848).     The  projcotion  of  the  field  of 

don  depends  on  the  position  of  oar  eye  and  the  direction  of  the  vi^iual  lino^ 
iihich  we  assnme  to  be  present;  and  the  assumption  is  tolerably  accurate^  i 
^KcQ  the  f'yo,  in  normal  movement,  is  voluntarily  brought  into  this  position, 
and  the  visual  tine  has  been  voluntarily  given  this  direction.  In  what  part 
of  the  field  of  vision  thus  projected  we  project  a  certain  point,  is,  oa  the  con- 
tmry,  determined  by  the  place  which  its  image  occupies  on  the  retina. 

lo  this  manner  every  projection  in  the  normal  condition  is  explained. 
Thus  it  is  also  understood  how,  with  accurately  directed  eyes,  of  which 
direction  the  observer  is  conscious^  corresponding  points  of  the  retinas  project 
ike  impressions  received  on  each  other.  This  may  still  continue  under  abnor- 
KaI  circumstancea.  In  recent  paralysis,  for  iostance^  of  a  muscle,  we  estimate 
lliedirection  of  the  visual  line  incorrectly,  and  we  consequently  project  the  field 
4t(  vision,  and  with  it  each  point  of  thti  field  of  vision,  in  a  false  direction. 
We  suppose  that  the  deviating  visual  line  intersects  that  normally  directed 
in  the  point  that  we  wish  to  see.  Consequently  we  project  tho  image  foiling  j 
on  the  fovea  centralis  of  the  deviating  eye  on  tho  projected  imagft] 
of  the  fovea  centralis  of  the  properly-directed  eye.  These  two  different 
imaget  thus  appear  to  cover  one  another.  If  the  deviation  is  not  great,  we 
tpeedily  find  the  direotly-seen  object  of  the  properly-directed  eye  as  indi- 
rectly seen  on  the  deviating  one,  and  thus  doubk  vUioti  is  the  result  But 
in  evBry  oajse  confusion  arises  also  in  direct  vision,  which  beoomes  particu* 
larly  great,  if  accidentally  a  strongly  illuminated  part  of  the  field  of  vision 
forma  its  image  on  the  yellow  spot  of  the  deviating  eye.  However,  we 
occupy  ourselves  almost  always  with  the  more  illuminated  parts  of  the  field 
of  vision^  and  the  result  thereof  is,  that  in  general  the  image  on  the  yellow 
s»pot  of  the  proiK'rly-adjusted  eye  excels  in  clearness  that  of  the  deviating 
vye.  This  makes  it  eajaier  to  ne^Ject  tho  image  of  this  last  eye  j  and  it  ia 
very  remarkable  that  this  psychical  abstraction,  always  increasing,  is  at- 
leaded  with  physiological  torpor,  that  is,  with  want  of  sensihility. 

So  far  the  law  of  the  identical  points  holds  good*  But  now  it  happens, 
partimilarly  in  cases  of  strabismus  divergens,  that  \he  become  conscious 
lilso  of  the  dirtotion  of  the  deviated  eye.  This  is  the  case  when  one  oon- 
lioucs  to  use  this  eye  in  its  turn.  In  these  cases,  an  object  is  still  fixed 
general  with  the  eye,  whose  muscles  act  normally.     If  we  now  hold 

second  object  in  the  visual  line  of  the  deviated  eye,  and  request  the 
jK-rson  to  fix  it,  the  eyes  sometimes  remain  completely  at  rest.  The  patient 
can  thus  ooctjpy  himself  alternately  with  the  one  or  with  the  other  object, 
which  respectively  forms  its  image  on  the  one  yullow  spot  or  on  the  other, 
end  he  knows  perfectly  in  what  direction  each  is.  In  this  case,  it  is  in  the  first 
f»Uce  remarkable  with  what  certainty  ho  distinguishes  wiLli  which  ©ye  ho 
bscrves  anything :  he  who  has  two  good,  regularly-moving  ©yes,  is  not  at  , 
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all  aware  of  this ;  we  can  ascertain  in  which  eye  we  have  mnBCSO  ToUtantn, 
only  by  dosing  one.  But,  in  the  second  place,  it  hence  appears  moat  dis- 
tinctly, that  in  snch  a  person  the  oorresponding  points  have  lost  their  mntml 
relations.  Indeed,  what  impinges  on  the  two  yellow  spots  is  projected  in  very 
different  directions,  and  likewise  what  tenches  on  similarly  directed  meridians 
in  points  equally  removed  from  the  yellow  spot.  Now  the  reason  why  origi- 
nally oorresponding  points  are  projected  in  different  directions  is  clearly  none 
other  than  that  the  whole  field  of  vision  is  projected  in  another  directum  :  the 
projection  of  the  different  points  of  the  same  retina  has,  with  respect  to  one 
another,  continued  the  same.  This  relation  alters  only  when  the  retina  is 
plaited  or  irregularly  extended ;  and  I  should  not  venture  to  assert,  that 
if  the  accuracy  of  vision  were  maintained,  the  projection  should  not  again 
by  observation  and  trial  gradually  come  to  correspond  to  the  actual  position  of 
the  objects.  In  treating  of  progressive  myopia  I  shall  revert  to  this  point 
fiut  from  the  foregoing  thus  much  has  appeared,  that  the  deviation  of  tiie 
visual  line,  produced  by  muscular  anomaly,  which  originally  gives  riae  to 
false  projection,  may  become  known  to  us  by  experience,  with  which  each 
eye  begins  its  independent  projection  ;  and  no  further  proof  is  needed  that, 
consequently,  double  images  which,  according  to  the  theory  of  the  identieal 
points,  we  should  see  intersected,  may  be  changed  into  homolateral  ones. 
An  organicallv  necessary  similarity  of  impression  of  corresponding  points  of 
both  retinas,  which  should  lead  to  an  equally  necessary  similarity  of  direo- 
tion  of  projection,  is  therefore  out  of  the  question.  But,  nevertheless,  what 
we  at  first  put  forward  remains  true,  whether  it  be  congenital  or  the  result 
of  practice,  that  in  eyes  whose  visual  lines  exhibit  no  morbid  deviation, 
certain  corresponding  points  of  the  retinas  project  the  impressions  received 
on  each  other  into  space. 

The  assertion,  that  by  merely  fixing  a  point  with  both  eyes,  confusion  of 
the  stereoscopic  with  the  pseudo-stereoscopic  is  possible,  I  have  above  npted, 
after  having  also  taken  cognizance  of  the  most  recent  articles  of  Dove  and 
of  Recklinghausen  (Poggendorffs  Annalen^  B.  110,  p.  491,  and  B.  114,  p.  170, 
1861).    This  is  not  the  place  to  enter  into  the  subject  at  greater  length. 

In  the  beginning  of  this  section  I  stated,  in  investigating  the  action 
of  glasses,  that  I  provisionally  assumed,  that  the  axis  of  the  glasses 
coincided  with  the  visual  axis.  This  is  certainly  almost  never 
exactly  the  case.  Firstly,  the  glasses  in  a  pair  of  spectacles  are  not 
placed  precisely  so,  that  the  distance  of  their  two  axes  should  be 
exactly  equal  to  thair  between  parallel  visual  axes,  and,  moreover,  in 
being  placed  before  the  eyes  they  easily  come  to  stand  somewhat 
higher  or  lower  than  the  >'isual  axes ;  or  the  glasses,  and  therefore 
also  the  axes,  have,  when  the  head  is  perpendicular,  a  certain  inclina- 
tion. Secondly,  every  movement  of  the  eye  immediately  alters  the 
relation  between  the  visual  Hues  and  the  axes  of  the  glasses. 

The  question  now  is,  what  is  the  result  of  this  deviation  ? 

In  the  first  place,  when  the  axis  of  the  glass  is  parallel    to  the 
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Fig  87. 


visual  axis,  but  is  displaced  in  one  or  other  direction,  we  obtain  also 
a  displacement  of  tbe  object  seen  tlirough  the  glass.  Wc  satisfy  our- 
sdTes  of  this^  by  pushing  a  convex  or  concave  glass  before  the  eye, 
so  as  to  look  always  parallel  to  the  axis,  but  alternately  through  the 
centre,  and  through  the  edges  of  the  glass.  If  the  glass  be  convex, 
the  displacement  occurs  in  the  opposite  direction  to  that  of  the  glass, 
if  it  be  concave,  in  the  same  direction. 

The  explanation  is  simple.  Ijet  k  be  the  centre  of  the  surface  at 
A,  representing  the  dioptric  system  of  the  eye, 
i  a  point  situated  in  the  elongated  axis  k  A,  this 
point  will  then  find  its  image  in  the  axis,  for  ex- 
ample in  y.  If  a  lens,  whose  centres  of  curvature 
fall  in  the  line  hj,  be  placed  before  //,  the  image 
of  *  will  also  remain  in  the  same  line.  If,  on 
the  contrary,  a  refracting  surface  as  U^  with  its 
centre  of  curvature  in  <?,he  placed  before  //,  this  is 
no  longer  the  case*  If  we  imagine,  for  instance, 
A  i'  to  be  a  reflected  ray,  this  will,  refracted  at 
i',  deviate  from  the  vertical  i^  o,  and  proceed  in 
the  direction  K  i;  consequently  a  ray  must,  vice 
wersd,  come  from  a  point  situated  in  the  line, 
for  example,  from  t",  in  order^  after  refraction 
at  A',  to  enter  the  eye  as  A*  i,  and  to  proceed  as 
A  j.  Evidently,  therefore,  a  point,  situated  in  - 
i\  is  seen  in  i,  that  is,  flisplacement  occurs  in 
the  direction  opposite  to  that  in  which  the  axis 
of  a  convex  glass  is  pushed  before  the  visual 
axis. 

Hence  it  follows,  that,  ii  the  two  convex 
of  a  pair  of  spectacles  stand  too  close 
another,  the  objects  are  for  both  eyes 
displaced  more  outwards,  and  thus  less  convergence  is  required ;  the 
reverse  is  the  case,  ^^hen  the  glasses  stand  too  far  from  one  another. 
The  opposite,  of  course,  takes  place,  when  t^oncave  glasses  are  in 
question*  In  either  case  the  change  of  convergence  required  is  less, 
the  weaker  the  glasses  arc,  and  the  less  they  are  pushed  to  the  side. 
Por  many  yc4xrs  I  have  advantageously  made  use  of  such  eccentric 
placing  of  the  glasses,  where  otherwise,  in  iusufficiency  of  one  or 
other  muscle,  combiuation  with  a  weak  prism  was  indicated.  Nor 
wiU  it  easily  happen,  tliat,  in  doing  so,  we  exceed  the  limits,  whereby 
the  acuteness  of  the  images  suffers  too  much.     If,  however,  wc 


/ 


/ 


/ 


108        SPECTACLES  AND  THEIR  ACTION  IN  GENERAL. 

desire  to  encroach  as  little  as  possible  upon  the  conve^nce  of  the 
visual  lines,  corresponding  to  the  distance^  we  must,  as  has  been  cor- 
rectly shown  by  Giraud-Teulon  and  Knapp,  regulate  the  distance  of 
the  glasses  according  to  the  reciprocal  distance  of  the  visual  lines. 
We  liave  then,  as  Knapp  has  remarked,  to  attend  particularly  to 
the  axes  of  the  glasses,  for  these  do  not  always  correspond  to  the 
centre.  In  order  now  to  find  the  axis,  we  have  only  to  ascertain  what 
part  of  the  glass  we  have  to  hold  before  the  eye,  in  order  to  see  a 
vertical  line,  even  when  the  glass  is  made  to  revolve,  unrefracted  as 
well  through,  as  under  or  above  the  glass.  However,  we  need  not 
be  too  careful  in  regulating  the  axis.  Whether,  in  order  to  see  an 
object,  a  little  more  or  less  convergence  must  be  employed,  is  often 
rather  a  matter  of  indifference;  and  if  this  is  not  the  case,  we 
accordingly  involuntarily  regulate  the  distance  between  eye  and 
object.  Against  this  no  difficulty  is  to  be  expected  from  the  accom- 
modation: indeed,  its  limits,  under  the  influence  of  the  spectacles 
selected,  are  not  defined  so  ))recisely,  that  we  could  approve  or  dis- 
approve of  a  slight  modification  of  the  convergence  under  which  the 
accommodation  for  a  certain  distance  is  required.  We  have  only  to 
take  particular  care,  that  in  spectacles  worn  out  of  doors,  we  have 
not  so  short  a  distance  of  the  axes  of  the  concave,  nor  so  great  a 
distance  of  those  of  the  convex  glasses,  that  in  looking  to  a  great 
distance  a  divergence  of  the  visual  lines  should  be  required,  which 
might  easily  cause  difficulty.  A  difference  in  height  of  the  axes, 
which  should  cause  a  mutual  deviation  of  the  visual  hues  in  a 
vertical  direction,  we  must  above  all  avoid. 

In  the  second  place,  as  to  looking  through  the  glass  under  an 
angle  with  the  axis,  we  have  already  observed  that  this  is  unavoidable 
in  the  use  of  spectacles.  The  deviation^ thence  proceeding  is  of  two 
kinds.  In  the  first  place,  the  object  directly  seen  exhibits  itself  in 
.another  direction  than  that  in  which  it  actually  is.  A  construction  as 
above  (Fig.  87),  modified  so  far,  that  the  axis  of  the  lens  makes  an 
angle  with  the  visual  axis,  shows  this  directly.  Tliis  altered  direction 
is,  as  we  have  already  remarked,  of  that  nature,  that  the  disturbance 
in  harmony  between  the  angle  under  which  wre  see  a  dimension 
through  convex  or  concave  glasses,  and  the  turning  of  the  eye 
required  in  order  to  traverse  them,  is  sufficiently  com])ensatcd  :  more- 
over, this  deviation  causes  no  difficulty.  But,  in  the  second  ))lace, 
the  objects  are  seen  less  accurately.  Bedsides  the  ordinary  aberration, 
in  fact,  a  now  and  very  importivnt  one  occurs.     Of  this  we  may  c(m- 
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vince  ourselves^  by  looking  at  a  point  of  light  through  a  convex  or 
concave  glass  held  obliquely  before  the  eye,  and,  better  still,  by 
receiving  on  a  screen  the  dioptric  image  of  a  point  of  fight  formed 
by  an  obliquely-placed  convex  lens.  This  image  has  a  clear  eccen- 
trically-situated point,  whence  the  light  spreads  chiefly  to  one  side 
in  the  form  of  a  fan,  so  that  it  reminds  one  of  the  appearance  of  a 
comet.  In  treating  of  astigmatism  1  shall  return  to  this  subject. 
Here  it  may  only  be  remarked,  that  the  diminished  accuracy  of 
the  images,  especially  when  strong  glasses  are  in  question,  renders  it 
imperatively  necessary  to  attend  to  the  direction  of  the  axes.  If 
spectacles  be  used  only  for  distance,  the  axes  must  be  placed  nearly 
parallel  and  horizontally ;  on  the  contrar}',  in  spectacles  used  only 
for  near  objects  they  require  to  converge  proportionally,  and  to  be 
directed  downwards.  This,  when  strong  glasses  are  required,  pro- 
duces a  difficulty  of  making  use  of  the  same  frame  for  every  distance, 
even  in  these  cases,  where  the  range  of  accommodation  still  admits 
of  the  use  of  the  same  glasses.  The  inchnation  of  the  axes  can  be 
sufficiently  modified  by  placing  the  spectacles.  But  the  convergence 
of  the  axes  cannot  be  altered,  without  bending  the  frame.  There- 
fore convergence  must  correspond  to  the  mean  distance,  at  which  the 
spectacles  are  used,  whereby,  during  their  use,  a  certain  margin  in 
the  convergence  of  the  visual  axes  is  least  excluded. 


NOTE  TO  §  12. 

In  this  section  we  have  spoken  only  of  the  immediate  effects  of  convex 
and  oonoave  glasses.  What  results  are  mediately  produced  by  them,  with 
respect  to  refraction,  accommodation,  movements  of  the  eye,  &o.,  will  be 
better  discussed  in  connexion  with  the  anomalies  in  which  particular  spec- 
tacles are  indicated. 

I  have  also  thought  it  right  here  to  pass  over  in  silence  the  action  of  simple 
and  compound  cylindrical  glasses.  It  is  •nly  in  astigmatism  that  they  are 
applicable,  and  they  will  more  properly  come  under  consideration  in  the 
chapter  on  this  anomaly. 

Respecting  the  different  forms  of  spectacle  frames,  the  desirable  distance  of 
the  glasses  from  the  eye,  the  use  of  spyglasses  for  one  and  for  two  eyes,  the 
employment  of  reading-glasses,  of  magnifiers  and  of  opera-glasses,  &c.,  some 
remarks  will  be  found  in  speaking  of  the  different  anomalies  of  refraction 
and  accommodation,  in  connexion  with  which  these  instruments  come  under 
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obseTYatioiL   In  general,  on  UiIb  subject,  among  other  writingB,  the  fbllowia^ 
deserve  to  be  compared : — 

Szokabki,  in  Prager  Her teljahrtch rift,  B.  Y.,  1,  1848,  and  Smee,  The  Eye 
hi  Health  and  in  Diteate,  London,  1854,  pp.  44,  el  $eq. 


NOTE  TO  CHAPTER  lY. 

The  chief  literature  on  the  subject  of  spectacles  is  to  be  found  in  Ruete 
(Lehrbuch  der  Ophihalmologie  fur  Aerzte  und  Studirende.  B.  I.,  p.  238, 
Braunschweig,  1853).  Spectacles  are  among  the  most  indispensable  instru- 
ments for  man.  For  many  they  extend  the  power  of  vision  to  an  infinite 
distance,  and  others  should,  for  want  of  spectacles,  at  a  certain  time  of  life 
see  themselves  completely  shut  out  from  the  occupations  to  which,  in  a  busy 
society,  they  are  called.  If  we  add  that  spectacles  laid  the  foundation  for 
the  invention  of  the  microscope  and  telescope,  whose  mighty  influence  is 
powerfully  exemplified  in  the  development  of  most  natural  sciences,  we  shall 
not  view  these  simple  instruments  without  respect  The  history  of  the 
ordinary  concave  and  convex  glasses,  which  we  here  have  exclusively  in 
view,  is  somewhat  obscure.  Any  who  take  a  special  interest  in  the  matter 
will  find  the  most  essential  points  briefiy  collated  in  the  work  on  the  Micro- 
scope by  my  colleague  Prof.  P.  Harting.  (See  the  German  translation  by 
Theile,  under  the  title  of  Das  Mikroskop,  p.  585.    Braunschweig,  1859.) 

W.  Kreoke,  Ph.  D.,  Vice-Director  of  the  Royal  Meteorological  Observa- 
tory, suggested  the  use  of  prismatic  spectacles  in  strabismus.  To  his  com- 
munication 1  added  my  investigations  of  the  physiological  action  of  these 
glasses  {Nederlandsch  Lancet,  D.  III.,  pp.  227  et  seq.y  1847).  Von  Graefe 
(Archiv  f.  Ophthalmologies  locis  diversis)  especially  showed  how  still  more 
advantage  was  to  bo  derived  therefrom,  both  in  diagnosis  and  in  treatment. 

The  use  of  stenopasic  apparatus  was  introduced  by  me  (compare  van 
Wijngaarden,  over  stenopaische  hriUen,  Diss,  inaug.,  Utrechti  1856,  and 
Archiv  f.  Ophthalmologies  B.  I.,  Abth.  2).  It  is  true,  that  in  mydriasis  use 
was  sometimes  made  of  small  openings ;  but  it  did  not  occur  to  any  one  to 
remove,  by  their  means,  the  injurious  efiect  of  obscurations.  How  these 
by  throwing  diffused  light  into  the  eye,  disturbed  the  power*of  vision  (com- 
pare pp.  128,  129),  was  also  first  explained  by  me  in  Wijngaarden*s  paper. 
The  explanation  given  is  quite  in  harmony  with  the  law  developed  by  Fechner 
for  the  senses  in  general  {Ueber  ein  wichtiges  psycho-physisches  Grund- 
Oesetzs  Leipzig,  1859,  and  Elemente  der  Psycho-phystky  Leipzig,  1860). 

Green  and  blue  glasses,  for  moderating  tiie  light,  are  highly  valued.  In 
a  work  recently  published  by  Professor  Dr.  Ludwig  Boehm,  of  Berlin,  under 
the  title  of  Die  Therapie  de$  Auget  mittels  de$  farbigen  Lichtes,  Berlin,  1862, 
blue  glasses,  of  different  shades,  are  particularly  recommended  in  numerous, 
especially  functional,  disturbances  of  the  retina. 
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I-ANOMAilES  OF  EEFEACTION. 


CHAFTEfi  V. 

THE-  EMMETROPIC  EYE. 

The  emmetropic  eye  presents^  both  in  its  structure  and  in  its  func- 
tions^ the  standard  by  which  the  anomalies  of  refraction  must  be 
estimated.  As  such  the  knowledge  of  the  emmetropic  eye  must  here 
occupy  a  prominent  place.  But,  in  other  respects,  this  eye,  which  as 
h'ttle  as  any  part  of  the  body  escapes  the  influence  of  age,  must  also 
not  be  passed  over  in  silence.  The  range  of  accommodation  early 
diminishes ;  soon  the  accuracy  of  vision  lessens,  and  lastly  the  emme- 
tropia  is  converted  into  ametropia,  giving  way  to  hypermetropiaacqui- 
sita.  The  emmetropic  eye,  in  its  retrogression,  in  its  yielding  to  the 
advance  of  years,  is  our  task.  To  the  latter  we  are  called,  the  rather 
because  art  can  protect  the  eye  against  the  senile  metamorphosis,  and 
by  suitable  means  can  help  to  maintain  it  in  a  position  to  discharge 
its  functions. 

§  13.  Definition  op  the  Emmbteopic  Ete;  the  Diagrammatic 
Eye;  the  Simplified  Eye. 

The  emmetropic  eye  is  that,  the  principal  focus  of  whose  dioptric 
system  is,  in  rest  of  accommodation,  found  in  the  retina  (Fig.  88). 

Fig.  88. 


Of  infinitely  remote  objects,  which  send  out  paraUel  rays,  this  retina 
therefore  receives  accurate  images,  to  be  improved  neither  by  convex 
nor  by  concave  glasses,  and  by  means  of  its  accommodation  it  sees 
equally  accurately  at  relatively  short  distances.  No  other  refraction 
of  the  eye  is  capable  of  giving  to  the  region  of  accommodation  so 
great  an  extent. 
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That  this  condition  is  to  be  r^rded  as  the  normal,  we  have 
abeadj  (page  81)  shown.  Singularly  enough,  for  a  long  time  the 
opinion  was  rather  generally  entertained,  that  almost  every  eje  is 
more  or  less  myopic;  that  at  an  infinite  distance,  apart  from  the 
imperfect  transparency  of  the  air,  it  is  only  exceptionally  that  objects 
can  be  distinguished  under  the  same  least  angle  of  vision  as  at  a 
moderate  or  short  distance.  This  opinion  is  an  error.  By  far  too 
often  does  the  eye  deviate  in  the  opposite  direction  from  the  stan- 
dard, and  can,  with  hypermetropic  structure,  bring  converging  rays 
to  a  focus  on  the  retina. 

If  the  emmetropic  eye  is  to  be  considered  as  the  typically  normal 
eye,  another  question  is,  whether  it  is  at  the  same  time  the  ordinary 
eye,  and  whether,  therefore,  ametropia  is  the  exception. 

In  an  absolutely  mathematical  sense  no  single  eye  is  perhaps  to 
be  caUed  emmetropic.  In  the  first  place,  I  have  never  met  with  an 
eye  whose  focal  distance  in  the  different  meridians  was  absolutely 
the  same;  in  general,  as  shall  be  more  fully  shown  in  the  Chapter  on 
Astigmatism,  the  focal  distance  is  shorter  in  the  vertical  meridian  of 
the  eye  than  in  the  horizontal.  But,  apart  from  this,  here,  if  any- 
where, we  must  allow  a  certain  latitude  to  the  rule.     Slight  degrees 

of  M,  for  example  M  =foQ>  in  which,  at  the  distance  of  10  feet 

(=  120')  vision  is  still  perfectly  accurate,  are  almost  always  un- 
observed. Slight  degrees  of  H  are  in  youth  not  even  to  be  proved, 
much  less  to  be  reduced  to  their  numerical  value :  indeed,  whenever 
a  deficiency  of  refractive  power  exists  in  the  eye,  when  in  a  state  of 
absolute  rest,  it  is  supplied  by  the  accommodation.  And  even 
if  the  eye  in  paralysis  of  accommodation  should  be  emmetropic, 
the  tone  of  the  accommodation  alone  effects  a  slight  degree  of  M. 
Consequently,  the  actually  emmetropic  vision  requires,  in  a  certain 
sense,  a  minimum  of  H,  and  that  minimum  is  capable  of  no  accurate 
taxation,  because  to  the  tone  itself  a  certain  latitude,  perhaps  from 

-7-77;  to  -nr,  must  be  allowed. 
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In  this  sense,  and  it  is  practically  the  only  correct  one,  the 
majority  of  eyes  of  young  persons  are  undoubtedly  emmetropic. 

Finally,  should  the  question  be  proposed,  whether  E  is  the  most 
desirable  condition :  as  concerns  myself,  I  should  give  the  prefer- 
ence to  a  slight  degree  of  M,  and  I  shall  subsequently  state  my 
reasons  for  doing  so. 
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The  emmetropic  eye  is  dioptrically  to  be  realized  in  various  modes. 
Apart  from  the  possible  differences  of  the  coeflBcients  of  the  refrac- 
^if)n,  a  compensating  action  may  take  place  between 

a.  The  radius  of  the  cornea :  the  less  this  is^  the  shorter  is  the 
^V)cal  distance. 

b.  The  form  of  the  crystalline  lens :  the  more  convex  its  surfaces, 
the  shorter  is  its  focal  distance. 

c.  The  position  of  the  crystalline  lens  :  the  more  anteriorly  it  lies, 
the  more,  ceteris  paribus,  has  it  a  shortening  influence  upon  the 
focal  distance  of  the  whole  system. 

d.  The  length  of  the  visual  axis  :  it  needs  only  to  correspond  to 
the  condition,  resulting  from  a,  b,  and  c,  to  make  the  eye  in  each 
case  emmetropic. 

However,  each  of  the  factors  mentioned,  by  itself  presents  in  the 
emmetropic  eye,  comparatively  little  difference.  With  respect  to 
the  cornea,  this  is  directly  seen  from  a  large  number  of  measure- 
ments.* For  the  other  factors  it  may  be  assumed  for  reasons,  the 
develc^ment  of  which  would  here  lead  me  too  far.  Hence  we  are 
completely  justified  in  assuming  a  diagrammatic  eye,  and  for  the 
sake  of  different  calculations,  starting  therefrom.  The  values  assumed 
by  Listing  were  somewhat  modified  by  Helmholtz,  who  considers 
the  crystalline  lens  to  be  a  little  flatter,  and  its  position  to  be  rather 
more  anterior.  With  these  modifications  I  have  adopted  them  at 
page  67,  where  they  are  collated  with  those  of  the  accommodated 
eye. 

Following  Listing's  example,t  we  may  go  still  a  step  further  in  the 
simplification  :  it  is,  in  fact,  allowable  to  reduce  the  compound  diop- 
tric system  of  the  eye  to  a  single  refracting  surface,  bounded  anteriorly 
by  air,  posteriorly  by  aqueous  or  vitreous  humour,  and  this  reduced 
eye,  where  the  greatest  accuracy  is  not  required,  may  be  made  the  basis 
of  a  number  of  considerations  and  calculations.  With  this  simplifi- 
cation we  can,  with  the  greatest  ease,  form  a  satisfactory  idea  of  the 
magnitude  of  the  retinal  images,  of  the  position  of  the  conjugate 
foci,  of  the  extent  of  the  circles  of  diffusion  in  imperfect  accom- 
modation, in  astigmatism,  &c.,  and  of  numerous  other  points. 

The  right  to  this  simplification  we  derive  from  the  minuteness  of 

*  Conf.  VersUigen  en  Mededeelingen  van  de  Kaninkl.  Akademie  van 
Wetenschappen.  1860.  D.  xi.,  page  159. 

t  Dioptrik  des  AttgeSj  in  Wagner*s  ITandtoorterbuch  der  Physioloffie, 
B.  iv.  page  493.    Braunschweig,  1833. 


176  TH£  £MM£TROPIC  EYE. 

the  distance  between  the  two  nodal  pomts  and  between  the  tvo 
principal  points  of  the  dioptric  system  of  the  eje;  this  distinee 
amounts  to  less  than  one-fourth  of  a  millimetre.  It  is  evident  that 
neglecting  this  will  cause  only  a  very  slight  difference.  We  thus  ob- 
tain^ besides  the  two  focal  points,  as  cardinal  points,  only  one  principal 
point,  hy  and  one  nodal  point,  the  latter  being  the  optical  centre,  i: 
that  is,  we  retain  simply  the  cardinal  points  of  one  simple  refracting 
surface  (compare  pp.  40-44),  whose  centre  of  curvature  is  h.  Fortui- 
tously the  radius  of  curvature  for  the  human  eye  is  5  mm. ;  the  eo- 

4 

efficient  of  refraction  may  further  be  assumed  as  ^.     Hence  results 

such  a  simple  position  of  the  cardinal  points,  that  we  can  withont 
difficulty  imprint  them  on  our  memory,  and  make  many  calculations 
even  without  the  use  of  figures.  To  this  I  attach  great  importance, 
because  our  ideas  thus  gain  so  very  much  in  clearness. 

Fig.  89  represents  the  reduced  eye  in 
"^'     '  its  true  dimensions. 

/^^       \  k  is  the  optical  centre.  • 

-  {    ^  ^         h  is  the  principal  point. 

^~  I  ]        k  A=5  mm.  is  the  radius  of  curvature 

y     of  the  refracting  surface. 

4>0  is  the  posterior  focus,  that  is,  the 
focus  of  rays,  parallel  in  the  air  (compare  Fig.  90). 

<^'  is  the  anterior  focus,  that  is,  the  focus  of  rays,  parallel  in  the 
vitreous  humour  (compare  Fig.  91). 

Fig.  90.  Fig.  91. 

/ 


./     ,  y\ 


\ 


//  (^,^=F^  is  the  posterior  focal  distance  =  20  mm. 
h  </),=P,  the  anterior  focal  distance  =  15  mm. 

7/4 

Therefore  the  coefficient  of  refraction  -  =  „>  as  being  =  F„  :  F  = 

20  :  15. 

The  meaning  of  the  reduction  tlius  made  is  this :  that  for  the 
ordinary  eye  we  substitute  one  with  a  cornea,  whose  radius  of  curva- 
ture is  only  5  mm.,  while  behind  this  is  merely  vitreous  or  aqueous 
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ir? 


kumour,  without  crystalline  lens,  and  with  a  length  of  visual  axis 
^20  mm.     Ill  such  au  eye  retinal  images  would  have  the  same  mag- 
nitude, the  same  distiiictDe^s,  and  the  same  position  which  they  ex- 
hihh  in  the  emmetropic  eye  with  its  cornea  of  nearly  8  mm,  radius  of 
ciirvatare,  its  crystalline  leiia  of  a  little  more  than  43  mm.  focal  dis- 
fakDce^  and  its  visual  ajtiis  of  a  httlc  more  than  22  mm.,  and  it  cmi, 
^erefore,  really  be  substituted  for  this  last. 

That  in  the  assumed  reduction  the  system  alters  but  little,  we  can 
^nder  evident  by  reasoning.  In  the  tirst  place,  the  cornea  is  the 
principal  refracting  surface,  where  the  rays  deviate  most :  it^  focal 
distance  is  3r7,  while  that  of  the  crystalline  lens  amounts  to  43*7, 
In  the  second  place,  in  the  crystiilline  lens  the  two  principal  pointa 
lie  so  close  to  one  another,  that  they  may  be  uttitetl  into  a  single 
optical  centre.  If  we  now  consider,  that  this  optical  centre  of  the 
lens  lies  about  16  mm.,  that  of  the  cornea  a  little  more  than  14  mm. 
in  front  of  the  retina,  we  shall  understand  that  the  effect  of  both  is 
combined  in  one  point,  situated  15  mm,  from  the  retina.  In  order 
now  further  to  combine  in  one  surface  of  curvature  the  dioptric  action 

4 
of  lens  and  cornea,  the  coefficient  of  refraction  being  ^,  a  radius  of 

curvature  of  precisely  5  mm.  is  required. 


HOTE  TO  9  14. 

Tho  reduction  oaaiiraed  iu  rouad  numbera  scarcely  differ*  from  that  found 
caloulAtion  (see  the  method  in  Listing,  I.  c,  p.  493)  from  the  diagram- 
mado  eye  of  Helmboltz  ;  in  place  of  tli» 

oalouluted  Yaluee,  we  aBsumedi 

F,=  15030  15 

F,=  20ai3  20 

hk^  5-077  5. 

In  oonnexion  herewith  we  assiimedt  as  coefficient  of  refraction,  in  place  of 

-;^  -iT-e  =  ,.'  which  values  stand  to  another  ^  308  :  309*     Listing 'b  dia- 
u      to       S 

aatio  eye  differs,  it  ia  true,  somewhat  more  from  the  round  numbers  ; 

at  fitili  Listing   haa   elsewhere    (Bviiray  zur  physiologinchvn    DioptnU* 

bttingen,  184o)  found  himself  justified  in  aubatituting  the  eame  round 

numbers. 

I  now  wish   to    ahow,  by  some  examples,  what  use  we  can   make   of 

the  numbers  ascertained,  in  order  to  be  able  to  form  a  (]^uile  satisfactory 

idea  respecting  seyeral  problems. 

Oft  In  the  first  place,  a  ray,  direeted  to  k  (compare  pp*  42  et  seq.^  Fig. 

12 


178  THE  EMMETROPIC  EYE. 

19),  ooinddeB  with  the  radios  of  OTuratiire,  and  .thus  paaaea  through 
unrefraoted :  let  1 1  be  an  object  B,  jj  its  image  /3 ;  let  A;  t,  the  distance 
from  the  object  to  A;,  be  / ;  hjy  the  distance  from  the  image  to  ft,  be  ^. 
Evidently  now 

We  saw  that  ^=  15  mm.  We  have  thus  only  to  divide  the  distance  /  of 
the  object,  expressed  in  mm.,  by  15,  in  order  to  find  how  many  times  the 
retinal  image  is  smaller  than  the  object :  a  mdtrc,  placed  at  15  mMres 
(15,000  mm.)  distance,  gives  a  retinal  image  1,000  times  smaller,  and  there- 
fore one  millimetre  in  size. 

h.  If  the  eye  remains  accommodated  to  infinite  distance,  the  image  j  of  a 
point  t,  placed  at  an  infinite  distance,  falls  behind  the  retina.  How  far  does 
it  lie  behind  it  P  In  other  words,  how  large  is^  —  JP^  =  y  ?  Above  (p.  44) 
we  found  the  distance,  kj,  as 

^'     f-F. 
If  we  put  f,  —  F,  =  C, 

Then  f.  =  C-^F, 

and  we  may  write  f^  =    '  /.     — '  • 

F  F 

/.  =  F,  +  ^' 

F  F 

consequently  /,  —  /;  =s  — ' -^ 

In  order,  therefore,  to  fiud^  —  ^  =  y,  that  is  the  displacement  of  j  behind 
the  retina,  we  have  only  to  divide  the  fixed  product  F,F,^=.  20  x  15  =  300 
by  0^,  that  is  by  the  distance  of  the  anterior  focus  f,  to  the  object. 
If  the  point  t  lies  320  mm.  from  A;,  that  is  300  from  ^^  its  imager*  will  fall 
precisely  1  mm.  (300 :  300  =  1)  behind  the  retina.  The  point  t,  situated  at 
1  metre  in  front  of  0,  (1020  mm.  in  front  of  k)^  makes  j  fall  only  0*3  mm. 
(300 :  1000  =  0*3),  the  point  t,  situated  at  100  mm.  from  ^,  makesy  fall  not 
less  than  3  mm.  (300: 100  =  3)  behind  the  retina.  Thus  we  can  easily, 
without  the  use  of  figures,  calculate  y  for  each  distance  of  t. 

c.  If  we  thus  know  y,  we  can  further  easily  find  the  diameter  of  the 

circles  of  diffusion,  and  so  obtain  an  idea  of  the  degree  of  distinctness  of 

vision.    In  the  reduced  eye  the  matter  is  simple.    A  cone  of  rays,  derived 

from  one  point  t,  unites  in  j.    On  the  retina,  in  0„  this  cone  has  yet 

a  certain  section :  that  is,  the  circle  of  diffusion.    The  length  0,  j  =  y, 

we  have  only  to  divide  by  the  length  of  the  whole  cone,  calculated  from 

the    pupil,    in    order  to  find    in  what  proportion  the  pupil,  as   circle 

of  diffusion,  is  reduced.       The  distance   from  the  pupil  to  0,  we  may 

fix  at  19  mm.    Now  if  y  ^  1  mm.,  the  circle  of  diffusion  is  (1  :  19  +  1) 

1  2 

oA  of  the  diameter  of  the  pupil ;  with  y^2  mm.,  we  fiind  ^ ,   with 

3 
y  =  3  mm.  ^,  etc.    The  diameter  of  the  pupil  being  taken  at  4  mm.,  the 

1  8 

diameter  x  of  the  circle  of  diffusion  is  in  the  first  case  =  ^,  in  the  second  ^, . 

5  21 
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in   the  third  r^  mm*i  etc.    Evidently!  with  ci^ual  deviation  of  aooommoda- 

liaBf  the  circles  of  diffusion  b^como  greater,  and  the  aocuraoy  of  visioa 
consequently  diminishes  the  more,  the  larger  the  pupil  la. 

To  be  quite  correct,  we  should  make  the  position  and  the  magnitude  of  the 
pupil,  as  they  manifest  themselvcB  as  tlie  iraago  of  the  crystalline  lens,  the 
basis  of  the  calculation.  The  iuUuenoe  of  the  crystalline  lena  is.  however, 
not  great :  with  a  true  magnitude  of  4  mm.  it«  image  of  the  orystaUino  lena 
is  4*23,  and  a  position  of  3-0  mm*  changes  into  a  position  of  3-713  behind 
the  oomea:  with  thi^  the  assumed  diatanoe  ^19  mm.  in  front  of  the  retinai 
agreea. 

If  we  wish  to  make  the  ealoulationa  for  Parisian  inches  and  lines,  we 
may,  in  place  of  6, 15  and  20  mm^^  put  down  2"%  6"*6,  and  W'%  which 
Taloea  we  can  easily  remember  and  use  in  the  calculations. 

Wo,  oan,  moreover,  in  reference  to  the  reduced  eye,  form  a  veiy  good  idea 
of  the  acoommodatiott.  In  the  tirst  place,  if  we  suppose  this  to  occur  through 
an  imaginary  auxiliary  lens  situated  in  air,  the  latter  has  only  to  make 
the  diverging  rays  paraUel :  the  focal  distance  of  the  auxiliary  lens  must 
then  be  equal  to  its  distance  from  the  point  for  which  we  acoommodate. 
Thoa  underatood,  the  imaginary  auxiliary  lena  is  equal  to  a  spectacle-glass 
oorreoting  according  to  the  distance*  In  this,  however,  the  position  of  the 
omdinal  points  changes  in  another  mode  than  actually  takes  place  in  accom- 
modation. If  we  wish  to  obtain  the  actually  altered  poaiUon,  wo  most  also 
lednoe  the  accommodated  eye  in  itself.    We  may  assume : 

r    ^  4'5  mm. 
F^  =  13  6 
J^,=  18. 

Here,  now,  ^,,  lies  at  2  mm*  before  the  retina:  the  visual  axis  haa, 
in  fact,  maintained  its  length  of  20  mm.,  and  this  must  happen,  because  the 
prinoipal  point  has  scarcely  changed  its  position  (compare  p.  37).  On  the  other 
hand^  k  has  approached  to  A,  as  actually  takes  place  in  the  accommodation. 
We  find  the  distance  to  the  object  for  which  this  eye  is  accommodated  to  be 
(ia-5  X  18  =  243,  and  243  :t  =121-5)  121'6mm.  from  ^,,  and  consequently 
t30'5  from  ky  that  la  about  6',  so  that  the  reduced  eye  here  assumed  repre- 
sents an  emmetropic  eye,  using  r  ^^  5' 

The  calculation  of  the  altered  position  of  h  by  the  use  of  glasses  is  rather 
complicated.  The  method  results  from  xv.  p.  53,  and  xxii,  p.  65.  In  the 
section  on  npfmkia  we  shall  be  obliged  to  make  use  of  iti  and  therefore  to 
illustrate  it  with  examx>les. 


§  15.  Centre  of  Motion  anx>  Movbmtgnts.     Angle  bettween 
THE  Axis  op  the  Coenea  and  the  Visual  Line. 

It  would  be  going  beyond  the  plan  of  the  present  work,  here  to 
enter  into  the  whole  doctrine  of  the  nioveineiits  of  the  eye.     The 
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great  complexity  of  the  subject^  especially  when  taken  in  connexion 
with  binocular,  stereoscopic  vision,  would  alone  be  sufficient  to  deter 
us  from  so  doing  *  But,  besides,  there  is  Kttle  application  to  be 
made  thereof  in  reference  to  ametropia ;  and  only  so  far  as  they  are 
modified  in  ametropia,  have  we  here  to  deal  with  the  functions  of  the 
emmetropic  eye.  As  to  the  mechanism  of  the  movements,  a  modifi- 
cation with  respect  to  two  points  is  to  be  noted,  which  is  of  importance 
for  our  object :  a.  with  reference  to  the  position  of  the  centre  of 
motion ;  b.  with  reference  to  the  extent  of  turning  round  the  vertical 
axis. 

Eespecting  the  position  of  the  centre  of  motion  numerous  inves- 
tigations have  been  made,  among  others  by  Volkmann,  Mile,  Burow, 
and  Valentin.  These  investigations  jrielded  rather  discordant  results, 
but  as  the  eye  does  not  difier  much  from  a  globe,  and  is  in  great 
part  contained  in  a  globular  cavity,  these  observers  agreed  that  the 
centre  of  motion  should  be  situated  about  in  the  middle  of  the  visual 
axis.  The  discrepancy  of  the  results  obtained  is  attributable  in  part  to 
the  methods  of  investigation  employed,  but  in  part,  no  doubt,  also  to 
the  difference  of  the  eyes.  Since,  in  fact,  it  was  shown,  that  ame- 
tropia depends  principally  on  a  difference  in  length  of  the  visual 
axis,  it  must  even  a  priori  have  been  supposed,  that  the  distance  at 
which  the  centre  of  motion  lies  behind  the  cornea,  should,  in  ametropia 
undergo  a  modification,  and  I  therefore  thought  it  necessary  to  in- 
vestigate that  subject.  The  investigation  took  place  in  concert  with 
my  friend  Dr.  Dover,  according  to  a  method  described  at  the  end  of 
this  section. 

The  results  obtained  in  emmetropic  individuals,  are  collected  in 
the  subjoined  table.  The  subjects  were  all  men.  D.  signifies  the 
right,  and  S.  the  left  eye. 

•  Compare  Ruete,  Lehrb.  der  Ophthalmologte,  Bd.  i.  1848,  S.  8. 

F.  C.  Bonders,  Zur  Lehre  der  Bewegungen  des  menschlicken  Augea  in 

Holldtidischen  Beitr,  z.  d.  anat,  undphgsiot.  Wise.  1848,  Bd.  i.,  von 

van  Been,  Bonders  und  Moleschott 
Von  Graefe  in  Archivf.  Ophthalm,  Bd.  i. 

Meissner,  Die  Bewegungen  des  A^iges,  Archivfur  Ophthalm,  Bd.  iii. 
Fick,  Zcitschrift  f.  ration,  Medicin  von  Henle  mid  Pfeufer,  B.  iv.  und 

V.  Neue  Folge. 
Wundt,  Archivf.  Ophthahnohgic,  B.  viii.,  18Gii. 
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H<M.orthe 
Petwu. 

▲ffe. 

Bre. 

Portion  of  the 
centre  of  iii«don 

oftheoomea. 

theulBoftha 

cornea  and  tho 

Ti«ualline. 

1 

23 

D. 

13-9 

6^ 

99 

») 

S. 

13-84 

6« 

2 

23 

S. 

13-72 

5^ 

3 

30 

D. 

13-03 

40 

99 

f« 

8. 

13-58 

6^ 

4 

31 

8. 

13-49 

3<>5 

5 

34 

D. 

13-27 

6^ 

» 

)» 

8. 

14-04 

60 

6 

35 

8. 

13-55 

4*>5 

7 

35 

8. 

13-58 

6« 

8 

40 

8. 

13-17 

70 

9 

43 

D. 

13-99 

4<>66 

10 

43 

D. 

13-32 

3*>5 

»> 

t> 

8. 

13-19 

3<>5 

11 

50 

D. 

13-38 

404 

The  lengtih  of  the  visnal  axis  in  emmetropic  individuals  is  sup- 
posed to  he  equal  to  that  in  the  diagrammatic  eye,  namely,  22*231 
mm.  Now  hy  the  method  adopted  we  found  the  distance  from  the 
centre  of  motion  to  the  hase  of  the  segment  of  the  cornea ;  this 
base  being  2*6  mm.  from  the  apex  of  the  cornea,  2*6  mm.  must 
be  added  to  the  number  obtained,  in  order  to  find  the  position  of 
the  centre  of  motion  behind  the  apex  of  the  cornea. 

The  same  determinations  were  made  in  ametropia.  They  will  be 
communicated  in  detail  in  the  chapters  upon  H  and  upon  M,  where 
the  importance  of  these  results  in  the  production  of  strabismus* 
divergens  and  strabismus  convergens  will  be  shown.  In  this  place 
I  give  in  the  subjoined  table  only  the  averages  of  the  results  ob- 
tained for  emmetropic,  myopic,  and  hypermetropic  subjects. 


a 

I^enfcthof 

therUnal 

avU. 

Position  of  the  CeDtre  of  Motion. 

Angle  between 
theaxlaofthe 

TisnalUne. 

b 

Behind  the 
jraee. 

c 

porteilor 

■urfaccofthe 

•dcrodc 

d 

In 
perccntaire 
proportion. 

e 

Behind  the 
middle  of  the 
TiroalaxlB. 

1.  E. 

2.  M. 

3.  H. 

mm. 
23-53 
25-55 
22-10 

mm.         mm. 

13-54    :     9-99  =  57-32  :  42-46 
14-52    :   11-03  =  56-83:43-17 
13-22    :     8-88  =  59-8    :40-2 

mm. 
1-77 
1-75 
2-17 

5«-082 
7*»-55 

From  this  table  it  appears  : — 
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1st.  That  in  the  emmetropic  eye  the  centre  of  motion  is  situated 
at  a  considerable  distance  (1*77  mm.)  behind  the  middle  of  the 
visual  axis. 

2nd.  That  in  myopic  individuals  the  centre  of  motion  is  situated 
more  deeply  in  the  eye^  but  also  farther  from  the  posterior  surface, 
and  indeed  so  that  in  the  eyes  of  such  persons  the  relation  between 
the  parts  of  the  visual  axis,  situated  before  and  behind  the  centre  of 
motion,  is  nearly  the  same  as  in  the  emmetropic  eye. 

3rd.  That  in  hypermetropic  eyes  the  centre  of  motion  is  situated 
not  so  deeply,  but  relatively  very  much  closer  to  the  posterior 
surface  of  the  eye. 


In  the  above  tables  a  column,j^  is  assigned  to  the  angle  between 
the  axis  of  the  cornea  and  the  visual  line.  The  subjoined  figure8,---Pig. 
92,  representing  an  emmetropic;  Fig.  93, a  myopic;  and  Fig.  94,  a 
hypermetropic  eye, — ^are  intended  to  illustrate  the  meaning  of  that 
angle,  and  at  the  same  time  the  position  of  the  centre  of  motion  d. 


Fig.  92. 


Fig.  93. 


Fig.  94. 


J 


All  are  seen  in  horizontal  sections,  carried  through  the  optic  nerve,  n. 
I  is  therefore  the  innermost,  E   the  out<?rraost  part  of  the  eye. 


The  axis  of  the  cornea,  g  a,  cuts  the  cornea  in  the  middle :  to  this, 
in  fact,  the  apex  of  the  ellipsoid  of  the  cornea  corresponds.     Now 
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this  axis  is  by  no  means  directed  to  the  object  fixed,  whicb,  as  such, 
has  its  image  in  the  fovea  centralis  of  the  yellow  spot  L  A  line  dmwn 
from  the  retinal  image  of  the  fovea  centralis  towards  its  object  is  the 
^oal  line  1 1\  and  this  may  be  considered  to  cut  the  axis  of  the 
cornea  in  the  united  nodal  point  k.  The  angle,  /'  k  a,  is  therefore 
the  angle  between  the  axis  of  the  cornea  and  the  visual  line  in  the 
horizontal  plane.  In  the  vertical  plane  this  is  usually  ranch  less,  and 
has  no  sjiecial  bearing  on  our  present  subject.  Now  it  appe^irs  tbat 
in  the  emmetropic  eye  the  visual  line  cuts  the  cornea  to  the  inside 
of  its  axis*  This  had  already  been  ascertained  by  Senff^^nd  was  i 
confirmed  in  a  small  number  of  eyes  by  Helmholtz  and  Knapp.* ' 
We  found  it  as  a  rule  in  more  than  fifty  eye«*  I  had,  however, 
previously  observed  t  that  in  myopic  individuals  the  angle  t  k  a,  ia 
less  than  in  emmetropic  persons,  and  tbat  in  the  highest  degrees  of 
M  the  cornea  may  be  cut  by  the  visual  line,  even  on  the  outside  of 
its  axis.  The  investigation  carried  on  with  Dr.  Doyer  showed 
farther,  that,  contrary  to  what  was  observed  in  M,  the  angle  f  k  a 
15  in  H  particularly  large. 

Hence,  now,  it  follows,  that  in  looking  at  distant  objects,  while 
the  visual  lines  are  parallel,  the  axes  of  the  cornea  in  emmetropic  indi- 
viduals diverge  abont  10*^,  still  more  in  those  who  are  hypermetropic, 
but  less  in  myopic  persons,  in  whom  they  may  even  converge.  This 
gives,  considering  the  position  of  the  eye  in  emmetropic  subjects  to  be 
normal,  in  hypermetropics  apparent  strabismus  divergens,  in  myopics 
apparent  strabismus  convergens,  which,  when  once  one  is  aware  of 
it,  is  very  evident,  and  contributes  much  to  the  peculiar  physiognomy 
of  myopic  and  hypermetropic  persons. 

Finally,  as  to  mobility  around  a  vertical  axis,  proceeding  from  the 
position  in  which  the  axis  of  the  cornea  stands  perpendicular  to  a 
vertical  surface  carried  through  the  centre  of  motion  of  both  eyes, 
the  normal  emmetropic  eye  can  in  youth  turn  from  42"^  to  bV  in- 
wards and  from  ^i""  to  49°  outwards,  lo  myopic  persons^  as  will 
appear,  the  movements  are  often  limited, 

•  Knappf  Die  Krummung  dtT  JIornhttHt,  rieidelbl'r^,  1859. 

f    Venlnijcn  en  med^d,  def  Kouinkl.  Aliadetnie^  1800,  D.  xi.  p,  159. 
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In  the  inveBtigatioii  of  tbe  mecbaniflm  of  the  raovementa  of  the  eye,  the 
knowledge  of  the  position  of  the  oetitre  of  motion  is  a  priraary  requisite.  It 
may  thef«fore  cause  reasonable  surprise,  that  in  the  numerous  and  elaboral 
rtieorohea  carried  on  of  late  j^ears  reBpecting  this  mechanism,  the  d 
minatioQ  of  the  centre  of  motion  uhould  have  attracted  so  little  attention, 
ohaervers  started  on  tbe  a«sutnption,  that  tbepoHition  of  this  centre  had  been 
determined  bv  previous  inveBtigations  with  sufhcient  accuracy,  they  were 
mistaken^  In  the  first  place,  as  Ludwig,  among  others,  observed,  the 
methods  employed  left  much  to  be  desired ;  and  in  the  second  plncse,  the 
influence  of  the  length  of  the  visual  axis  upon  the  position  of  the  centre  of 
motion  was  wholly  left  out  of  consideration.  Now  if  Uie  latter  was  found,  aa 
a  result  of  observation^  at  a  distance  of  from  1 1*9  to  14*1  mm.  from  tbe 
cornea,  it  was  certainly  extremely  arbitrary  hence  to  assume  it  as  proved, 
that  the  centre  of  motion  must  be  situated  in  the  middle  of  the  visual  axis. 
Some  years  ag^o  I  thought  1  had  found,  in  the  measurement  of  the  die- 
placement  of  a  reflected  image  on  the  cornea,  a  simple  and  accurate  mode  of 
determining  tbe  centre  of  motion. 

In  the  first  place  I  ascertained,  with  the  aid  of  Hclmholtz*  ophthalmo- 
meter (compare  p.  17),  the  radius  of  curvature  in  the  middle  of  the  cornea, 
Babfiequently  I  endeavoured,  from  the  displacement  just  alluded  to  of  a 
reflected  image,  to  deduce  how  far  behind  the  centre  of  curvatitre 
Ci-ntre  of  motion  was  situated. 

The  reasoning  was  as  follows :  —if  tbe  centre  of  motion  of  the  eye  shouli 
coincide  with  the  centre  of  curvature  of  a  spherical  cornea,  an  image  reflected 
ill  the  axis  of  this  oomea  would,  on  movement  of  the  eye,  undergone  change 
of  place  whatever.     If,  on  the  oontrarj^  the  centre  of  motion,  as  was  to  be 
expected,  should  lie  behind  the  centre  of  curvature,  then,  on  turning  the  eye, 
the  reflected  image  would  he  displaced  in  the  same  direction  in  space  as  thi 
in  which  the  eye  was  moved,  and  this  displaeement,  as  a  simple  constnicti* 
shows,  is  the  sine  of  tbe  angle  of  motion,  described  from  the  centre  of  moti 
of  the  eye  with  a  rodiue,  equal  to  the  distEtnce  between  the  centre  of  motion 
and  the  centre  of  curvature. 

From  this  reasoning  it  followed  that  we  should  have  to  measure  only  this 
disjtl^i cement  at  a  Inotrn  am/k%  in  order,  from  the  sine  thus  determined,  to 
find  the  radius,  and  with  it  the  distance  between  the  centre  of  curvature 
and  the  centre  of  motion. 

Now  the  angle  wr  ^  ascertained,  by  looking  snoceBsavely  towards  two 
eights  {visurefi)  in  a  horizontal  surface. 

It  was,  moreover,  easy  to  measure  the  displacement  of  the  reflected 
image.  Immediately  before  the  opening,  to  which  the  eye,  the  bead  being 
fixed,  corresponded,  a  hair  was  vertically  extended.  If,  onfix:ing  the  first 
sight,  the  reflected  image  ooiocided  with  the  hair,  Jt  appeared,  on  directing 
the  eye  to  the  second  sight,  to  deviate  therefrom,  and  this  deviation  was 
measured  by  making  the  double  images,  seen  with  the  ophthalmometeTi 
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lepamte  so  far,  that  the  aecond  image  of  the  hair  ooinoided  witli  the  firat 
of  the  reflected  image.  Further,  bjr  repeatedly  looking  alternately  to  each  of 
the  two  sights,  the  re^juired  diatanoe  of  the  doable  images  eoald  be  still  more 
nearly,  and,  indeed,  very  accurately,  determined,  while  at  the  same  time,  the 
inHuenoe  of  slig^ht  movements  of  the  head  was  excluded.  The  measurement 
waa  accurate  when,  on  quickly  and  alternately  fixing  the  two  sights,  the 
one  image  of  the  llame  completely  eoinoidcd  alternately  with  the  two  hairs, 
or  deviated  therefrom  by  an  equal  comparative  quantity. 

If  the  accuracy  of  this  determination  left  nothing  to  be  desired,  there  waa 
another  ditfieoltr.  The  cornea  is  not  a  tpberical  surface.  Its  curvature 
approaches  much  more  nearly  to  the  ellipsoid,  and  the  ecoentricity  of  the 
ellipse,  obtained  as  a  horij^ontal  section,  seemed  great  enough,  to  exercise  an 
influence  upon  the  position  of  the  reflected  image.  Professor  van  Rees  had  the 
goodness  to  caloulate  this  influence,  and  it  appeared^  that  in  consequence  of 
actually  established  eccentricity  of  the  elliptical  meridians  of  the  cornea,  a 
deviation  arises,  which,  in  the  calculation,  may  produce,  for  the  position  of 
the  centre  of  motion,  a  difference  of  2,  or  even  of  3*6  mm.  Hence  the  appli- 
oatioii  of  the  method  was  very  limited.  Indeed,  the  ellipse  of  the  horizontal 
section  must  always  be  determined,  and  this  determinatioo  requires  so  much 
time,  that  it  is  difiioult  to  apply  it  to  a  great  numbtir  of  eyes.  The  method 
IB  bare  oommunicated,  because  in  those  cases  in  which  the  ellipse  is  deters 
milled,  it  is  not  unserviceable  in  the  control  of  other  methods, 

A  similar  method  had,  as  I  subsequently  learned,  been  previously  proposed 
by  Professor  Junge,  of  Petersburg,  His  results,  obtained  in  Helmholtz* 
laboratory,  were  published  by  him  in  the  Russian  language.  I  became 
acquainted  with  them  from  the  manuscript  of  the  German  translation  of  \m 
valuable  treatise.  Junge's  method  depends^  like  that  above  described,  on 
the  displacement  of  the  reflected  imago  of  the  eortiea,  in  movement  of  the 
aye*  This  displacement,  however,  ho  determined,  by  throwing  the  reflection 
of  the  same  flame,  both  with  parallel  visual  lines,  and  at  a  certain  con^ 
vergence  of  these  lines,  on  the  two  cornefe,  and  by  measuring  the  mutual  dis- 
tance of  the  reflected  images,  in  the  two  positions  of  the  eye  Just  mentioned. 
In  order  to  be  able  to  use  the  ophthalmometer  for  this  measurement,  the 
ieiagea  must,  by  reflection,  be  brought  oiose  to  one  another,  for  which  pur- 
pose Junge  made  use  of  a  sextant.  He  effected  the  determination  on  Ave 
©yea  with  great  accuracy.  But  the  numbers  obtained  have  not  a  correapond- 
ing  value,  because  he  neglected  to  ascertain  the  eeecntricity  of  the  elliptical 
aection,  and  therefore  could  not  apply  the  requisite  correction. 

Subsequently  I  succeeded  in  discovering  a  method,  in  using  which  the 
form  of  the  elliptical  section  of  the  cornea  has  not  to  be  taken  into  consi- 
deration. In  concert  with  Dr.  Doyer,  I  have  applied  thia  method  to  a  great 
number  of  eyes.  We  were,  in  fact,  not  satisfied  with  knowing  the  position 
of  the  centre  of  motion  in  the  normal  emmetropic  eye  ;  we  wished  to  inquire 
what  differences  in  that  respect  myopic  and  hypermetropic  eyes  exhibit 

The  method  consists  in  this: — That  tee  dctennmn  how  great  the  angles 
of  motum  (with  equal  excursions  on  both  sides)  must  he^  in  order  to  make 
the  two  extremities  of  the  measured  horizontal  diameter  of  the  cornea 
(ointide  aftnnafefy  with  the  sunn'  point  in  space. 
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Tlio  horizontal  diameter  of  the  cornea  waa  measiired  with  the  aid  of  th« 
ophthalmometer.  For  this  purpofle  the  flame  of  a  lamp  waa  plaoed  perpeiir 
dicukrly  immediately  above  the  ophthalmometer.  The  reflected  image  of 
this  flame  in  the  cornea  waa  seen  through  the  ophthalmometer.  A  second 
lamp!  placed  near  the  cornea,  was  covered  towards  the  side  of  the  ophthal- 
mometer with  a  screen  and  served  only  to  produce  a  bright  illumination  of 
the  cornea  to  be  examined.  By  giving  to  the  eye  to  be  investigatsd  a  defi- 
nite d\rection,  by  making  the  patient  look  to  a  sight  (we  call  this,  moreover, 
the  primary  nght)i  which  was  movable  along  a  scalc^*  it  was  not  difficult 
to  make  the  reflected  image  of  the  flame  placed  above  the  ophthalmometer 
fall  precisely  in  the  middle  of  the  cornea.  If  this  rtrflected  image  was  really 
in  the  middle,  the  reflected  images  on  both  aides  in  fact,  by  doubling, 
-reached  at  the  same  time  the  margins  of  the  oornefle  now  half  covering  one 
another  (compare  Fig.  95 ;  C  the  cornea,  p  the  pupil,  b  the  reflected  image). 

The  result  of  this  first  investigation  is 
evident.  The  number  of  degrees  read  off  on 
the  ophthalmometer,  which  was  required  to 
make  the  reflected  images  fall  on  the  margins 
of  tlte  comeic  half  covering  one  another « corre- 
sponded to  half  the  breadth  of  the  cornea,  or 
rather  to  half  the  chord  which  subtends  the 
oornea. 

A  second  measurement,  in  which  the  glaaa 
plates  were  turned  in  the  opposite  direction^ 
served  to  verify  the  first,  and  at  the  same 
time  to  avoid  the  error  of  ooUimation.  In  this  manner  we  obtained,  by 
reading  oil'  the  ophthalmometer,  above  and  below,  four  measurementa. 
these  four  the  average  was  taken, 

A  tabic  expressly  prepared   now  directly  gave,   from  the  aaoertnini 
number  of  degrees,  the  corresponding  magnitude,  whereby,  consequently, 
the  half-breadth  of  the  cornea  was  known. 

At  the  eame  time,  the  position  of  the  primary  sight  on  the  scale  showed 
what  angle  the  visual  line  made  with  the  axis  of  the  cornea,  assuming  that 
this  passes  through  the  centre  of  the  cornea. 

In  order  farther  to  determine  the  arc  which  the  cornea  must  describe, 
in  order  to  traverse  the  length  of  its  own  transverse  diameter  in  space,  a 
ring  waa  stispended  before  the  eye  to  bo  examined,  in  which  a  fine  hair 
waa  perpendicularly  stretched.  It  was  now  merely  necessary  to  try  ho^^H 
many  degrecB  (starting  from  the  position  in  which  the  axis  of  the  come^H 
was  directed  on  the  cross  of  the  ophthalmometer)  must  be  sighted  at  each 
side,  in  order,  while  the  head  was  immovably  fixed,  to  make  each  of  the 
margins  of  the  cornea  alternately  coincide  with  the  hair.  The  number 
degrees  ascertained  corresponded  to  the  angle  which  the  eye  had  desoril 
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*  In  front  of  the  eye  to  be  examined  a  horiisontal  graduated  arc  was 
applied,  with  an  arbitrary  radius  descrihed  from  the  centre  of  motion  of  the 
eye.  In  the  middle  of  this  arc,  in  the  direction  in  which  the  eye  saw 
the  cross  of  the  ophthalmometer,  was  the  xero  of  the  scale^  Right  and  left 
of  this  jfcro  the  degrees  wore  numbered. 
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Fig.  96. 


B  of  motion.     It  very  soon  appeared,  that  in  normal  ejes,  thia 

angle  amounted  lo  about  56^.     We  therefore  began  each  time  with  odo 

tt^ht  28^  to  the  left,  iq  plaoe  another  at  as  man^  degrees  to  the  right  of 

tlra  primary  dght    The  head  was  placed  so,  that  on  fixing  the  one  flighti 

Uie  one  margin  of  the  cornea  coincided  with  the  hair ;    and  it  was  tried 

vhciber,  on  iixing  the  seoond  sight,  the  opposite  margin  of  the  oomea 

oiMTe^oiided  to  the  hair.     Only  rarely  was  this  exactly  the  cose ;    but  it 

ihemf  lieTertbelesa, appeared,  whether  a  greater  or  lesBer  arc  must  he  de»oribed. 

Aoeordingly,  the  two  sights  were  removed  from,  or  approximated  to  each 

er,  by  an  equal  distance,  which  was  repeated  until  at  length  the  exact 

inotdenee  of  the  margins  of  the  oornea  with  the  hair  was  obtained.     By 

k'mg  the  eye  look  a  few  times  in  rapid  succession  alternately  towards 

le  one  and  the  other  sight,  the  influence  of  morement  of  the  head  waa 

with  certainty  excluded. 

The  knowledge  of  the  half-breadth  of  the  oornea,  and  of  the  angle  of 
motion,  whereby  that  dimension  in  space  was  traversed,  was  sufficient 
to  determine  the  position  of  the  centre  of  motion.  The  subjoined  figure  illuft- 
Ltfis  this.  It  represente  a  horizontal  section 
the  eye:  o  is  the  oentre  of  the  vi^^ual  axis,  or 
rather  of  the  axis  of  the  oomea  ga;  I  is  the  yel- 
low spot;  /r  the  Tiiual  line,  which  in  the 
poffterior  part  of  the  crystalline  lens  (that  is,  in 
the  nodal  point)  cuts  the  visual  axis.  If  we 
now  draw  6rom  the  centre  of  motion  x  the  lines 
xy  and  jry  to  the  margins  of  the  cornea,  and, 
moreover,  the  line  tf  j/  sls  chord  of  the  oornea,  we 
in  an  isosceles  triangle,  of  which  the  angle 
y  is  known  to  us.  The  perpendicular  x  u 
divides  thia  triangle  into  two  equal  and  uniform  rectangular  triangles, 
acute  angle  of  which,  and,  moreover,  the  side  of  the  rectangle  if  u 
half-chord  of  the  cornea)  are  known  by  measurement.  The  second 
of  the  reetangle  x  u  is  evidently  the  distance  from  the  centre  of  motion 
to  the  base  of  the  segment  of  the  cornea.  It  is  found  by  multiplying 
the  side  of  the  rectangle  y  «  by  the  co-tangent  of  tho  opposite  angle 
tfxu.  By  adding  to  this  the  height  ««  =  2-6  mm.  of  the  segment  of 
the  oomea,  we  obtain  the  distance  a  x^  that  is,  the  position  of  the  centre  of 
I      motJon  behind  the  anterior  surface  of  the  cornea. 

In  many  eases,  especially  in  myopic  persons,  the  moHlity  of  the  eye  was 

^^ioo  limited  to  make  the  cornea  traverse  the  retjuired  space.     In  thia  case 

^H|e  used  a  ring,  provided  with  two  extended  paiallel  threads,  whose  mutual 

^^TOitanoe  was  aocurately  determined.     This  usually  amounted  to  3  02  ram. 

The  sights  were  now  so  placed  that  the  one  thread  coincided  alternately 

I      with  the  inner  margin,  the  other  with  the  outer  margin  of  the  cornea.    In 

order  to  know  the  space  traversed,  it  was  now  necessary  only  to  substract 

the  distance  of  the  threads  from  the  previously  ascertained  breadth  of  the 

cornea,  and  thia  value  was  further  made  the  basis  of  the  calculation. 

The  resulta  we  have  comprised  in  three  tables.     The  first  contains  th#i 
!6  of  emmetropic  individnals,  the  second  those  of  myopic ^  the  third  thosir  M 
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of  h^perm^ropk  persona.  This  distinction  wa»  made  in  order  to  exhibit 
the  influence  of  the  kng^  of  the  viauaJ  axis.  Above  (p.  181),  a  table  was 
given  for  emmetropic  eyes ;  and,  moreover*  one  ooitaining  the  average  of 
the  results  obtained  in  E,  M,  and  H. 

We  do  not  conceal  from  ourselves,  that  after  thii  investigation,  much 
remains  to  be  done  with  respect  to  the  determination  of  the  centre  of  motion 
of  the  eye.  In  the  first  pi  ace »  we  have  not  yet  examined  how  far  the 
oentre  of  motion  may  be  regarded  as  a  fixed,  unalterable  point.  Our  inve«ti- 
gations  extend  only  to  homontal  motion,  and  almost  always  to  an  equal 
amount.  We  can  therefore  answer  only  for  the  accuraey  of  the  direct 
detcrmination^^/m/  of  the  distance  between  the  base  of  the  w^merU  of  the 
cornea  and  the  cetitre  of  motion,  in  rather  extensive  movefnenit  it 
horizontal  pktnt. 


§  16.    AcUTENESS  OF  YlSION  MODIFIED  BT  AoiC 

With  the  increase  of  years,  the  eye  undergoes  a  number  of  cli 
of  differeut  kinds.  Some  of  these  are  recognisable  on  mere  external 
inspection^  aa  the  diminished  lustre  of  the  cornea  and  of  the  con- 
junctiva, the  smaller  pupil,  the  changes  of  colour  and  less  transparencj 
of  the  sclerotic  and  of  the  iris,  the  diminished  depth  of  the  anterior 
chamber  of  the  eye,  the  arcus  senilis,  etc.  Some  appear  only  on  prop 
anatomical  examination :  to  these  belong,  among  others,  tlie  wart 
granulations  of  the  structnreh^ss  membranes,  with  secondary  change 
of  the  retina,  calcareous  deposits  in  the  postt^xior  part  of  the  sclerotic;,^ 
the  peculiar  metamorphoses  of  its  anterior  port,  changes  of  the 
choroid,  atrophy  of  the  muscnlus  ciliaris,  greater  firmneaa  and 
yellower  tint  of  tlie  lens,  followed  by  turbidity  of  some  layers,  and 
lessened  transjjarcncj  of  the  vitreous  humour.  Even  before  anat 
mical  investigation  can  exhibit  any  trace  of  turbidity,  the  com  para  ti 
ophthalmoscopic  examination  of  sound  eyes  at  diflerent  periods  of  life 
shows,  that  with  the  increase  of  years  the  perfect  clearness  and  trans- 
parency are  lost,  in  virtue  of  which  the  fundus  oculi  of  the  child  is 
seen  with  syeh  incomparable  clearness. 

With  these  anatomical  changes,  different  disturbances  of  function 
are  combined.  The  principal  of  these  are  diminution  of  the  accuracy 
of  vision  and  lessening  of  the  range  of  accommodation.  Both  are  tc^_ 
come  under  oar  consideration  :  the  accuracy  of  vision,  because  it  iidH 
not  only  the  measure  for  the  estimation  of  many  morbid  deviations, 
but  is  also  eifectively  diminished  in  most  anomalies  of  refraction ; 
lessening  of  the  range   of  accommodation,  because,    although    no 
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anomaly,  it  requires  the  interference  of  the  oculist.  We  shall  apeak 
fir«t  of  the  accuracy  of  vision.  Lessening  of  the  range  of  accomino* 
dation  shall  be  the  subject  of  the  next  section, 

We  ha?e  already  (p*  07)  seen^  that  the  determination  of 
the  state  of  refraction  must  go  hand-in-hand  with  that  of  the 
accQiBcy  of  vision.  We  there  became  acquainted  also  with  the 
teat-types  of  Dr.  Snellen^  the  utDity  of  which  has  l)ecome  more  and 
more  evident  to  mc.  In  the  place  alluded  toj  I  have  also  illustrated 
by  examples,  how,  by  means  of  these,  the  accuracy  of  vision  may  be 
determined.  The  general  formula  is  very  simple.  The  letters  bear 
as  number  the  distance  D,  at  which  they  exhibit  themselves  under 
an  angle  of  5  minutes,  and  are  recognised  in  normal  accuracy  of 
vision.  If  we  now  determine  the  distance  (/,  at  which  they  are  seen, 
we  find  the  accuracy  or  iharpness  of  vision 

To  this  work  is  appended  a  table  of  Snellen's,  extending  from  XX  to 
CC,  If  the  room  does  not  admit  of  mating  the  examination  at  the 
distance  of  twenty  feetj  lower  numbers  must  be  added."**"  In  order  to 
be  able  to  estimate  also  extraordinarily  good  accuracy  of  vision^  it  is  de- 
sirable eveuj  that  the  number  in  the  table  should  go  somewhat  lower 
than  the  number  of  feet,  at  which  the  observation  can  take  place, 

8=1  was  assumed  by  Snellen  as  sufficient  accuracy  of  vision.  This 
held  good  for  young  subjects.  It  was  to  be  anticipated^  and  indeed 
wa5  already  Imown  by  exi)erience,  that  even  without  extraordinary 
defectsj  the  accuracy  of  vision  at  a  certain  age  begins  to  diminish.  In 
order  to  be  able  to  use  it  as  a  standard  in  morbid  conditions,  it  was 
therefore  necessary  that  the  accuracy  of*  vision  proper  to  each  period  of 
Ufe  should  be  known.  This  subject  has  been  recently  investigated  by  one 
of  my  pupils,  Dr.Vroesom  de  Haan.f  S  was  determined  in  281  persons 
from  seven  to  eighty-two  years  of  age,  by  means  of  XX  of  Snellen, 

•  The  tables  are  now  publiahed  also  with  English  testa,  umder  tbe  title  of 
TfH'types  for  the  DetcmunatUm  of  the  Acuteness  of  Vision,  by  Dr.  Snellen. 
These  are  to  be  had  from  WilliamB  and  Nor^ate,  in  London.  Tho»e  with 
Franeh  text  may  be  procured  from  Germer-BailliiirL',  ia  Paris  ;  those  with 
O^rman,  from  H,  Peters,  at  Berlin;  those  with  Italian,  at  Turin,  and  all 
these,  with  the  Dutch,  are  to  be  had  together  from  T.  Greven,  Bookseller, 
at  Utrecht, 

The  publication  was  designed  for  the  benefit  of  the  Netherlands  Ophthal- 
aio  Hoepitol,  and  was  therefore  made  a  monopoly. 

f  Ond^trztiekinffen  naar  den  invlocd  van  fhr  keflffd  op  de  gezitftsscherjdr, 
DiiMi.  inau^.     Utreoht^  U(\2, 
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Placed  at  first  at  too  great  a  distance,  the  persons  under  examination 
approached  until  they  correctly  indicated  V,  A,  C,  and  L.  These 
letters  arc  the  most  easily  recognisable,  and  de  Haan  could  confine 
himself  to  them,  because  he  usually  had  to  make  on  each  person 
only  one  good  trial,  and  therefore  needed  no  great  variety.  Subse- 
quently I  determined  the  relation  between  the  distinguishing  of  all  the 
letters  adopted  by  Snellen  and  of  the  four  used  by  de  Haan,  found 
that  it  was  as  5  :  6,  and  reduced  accordingly  the  S  found  by  de  Haan. 
It  is  to  be  found  thus  reduced  in  Fig.  97.     The  lengths  of  the  ordi- 
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nates  represent  the  acuteness  of  vision  proper  to  the  subjacent  times 
of  life :  20  is  the  mean  of  from  15  to  25  years  ;  30  that  of  from  25 
to  80,  etc.  The  value  of  S  is  given  at  the  side  as  i/ :  20,  rf  signify- 
ing the  distance  in  feet  at  which  XX  is  recognised. 

Astigmatism  >  jg  and  ametropia  were  carefully  excluded — ^the 


latter  so  far  that  M 


and  manifest  H  > 
1 


are  not  taken  in. 


gQ ^„  "  ^  60 

At  an  advanced  period  of  life,  H  =  ^^  was  still  admitted,  because 
it  may  in  great  part  be  considered  as  hypermetropia  acquisita.     In 
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each  ca^e  the  ametropia  wa^  corrected  by  a  glass  held  close  hefofe 
the  eye.  All  eyes  were  carefully  examined  cxterujilly,  many  also 
with  the  ophthalmoscope ;  all  without  exception  being  so  examined 
IB  reference  to  which  any  suspicion  of  anomnly  existed.  If  the 
alightest  defect  were  found,  they  were  excluded. 

In  the  first  place  it  was  ascertained,  that  the  individual  difference 
is  very  gr^t.  Cases  occur  in  which,  after  reduction,  S  =  1*6  to  1*7  ; 
in  youth  very  few  where  S  is  <  0*8.  With  tliis  great  individual 
difference,  it  is  not  to  be  wondered  at,  that  notwithstanding  a  rather 
considerable  number  of  observations,  the  line  drawn  for  the  averages 
of  each  year  of  life  makes  many  jumps.  It  is  not  until  escalations 
aie  made  for  each  decennial  period  that  the  course,  as  Pig.  97 
shows,  becomes  more  regular:  Further,  we  see  that  at  the  thirtieth 
year,  S  is  still  almost  unchanged;  thenceforward,  however,  it 
diminishes  rather  regularly,  and  at  the  eightieth  year  has  de- 
floended  to  about  one-half. 

The  degree  of  illumination  is,  in  the  determination,  not  without 
influence.  In  order  roughly  to  estimate  this,  in  his  observations 
mxide  on  different  days,,  de  Haan  each  time  determined  the  accuracy 
of  vision  in  himself,  and  found  the  limits  to  be  19*5  :  20  and  22'5  t  20. 
Afl  the  observations  for  the  different  periods  of  life  were  divided 
tolc3iibly  uniformly  over  the  difrercnces  in  illumination,  the  form 
of  the  line  of  curvature  was  not  perceptiljly  altered  by  a  reduction 
to  uniform  illumination.  Id  genenil,  in  the  experiments  of  dc  Haan, 
the  illumination  was  something  better  than  it  usually  is  in  the  ocu- 
list^s  study.  It  therefore  appears  that  Snellen  has,  for  practical  use, 
correctly  selected  the  rule  as  S  =  1,  which  in  de  Haan's  observa- 
tions is  a  httle  exceeded  for  young  eyes.  Snellen's  idea  is  this : 
that  when  in  youth  S  is  =  1,  we  have  no  reason  to  suppose  the 
existence  of  an  anomaly.  Moreover,  the  method  is  quite  satisfactory 
where  we  have  to  do  only  with  the  determination  of  the  rdative 
accuracy  of  vision. 

,  The  cause  of  tlie  diminution  of  the  accuracy  of  vision  with  in- 

sing  age  rests  on  a  double  basis :  it  is,  on  the  one  hand,  to  be 

^ught  in  the  media,  on  the  other,  in  the  apparatus  of  the  optic 

nerve.     The  first  gives  rise  to  less  accurate  images  on  the  perceptive 

layer  of  the  retina ;   the  second  renders  perception  and  conduction 

more  imperfect. 

As  to  the  media,  even  examination  with  the  ophthalmoscope  in 
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general  shows  that  with  the  increase  of  years  they  lose  the  grdit 
transparency  and  homogeneousness  in  virtue  of  which  the  fundus  of 
the  young  eye  exhibits  itself  with  such  striking  clearness.  The 
cornea  indeed  changes  the  leasts  if  we  exclude  the  arcus  senilis^ 
which,  on  account  of  its  eccentric  position,  throws  but  little  diffused 
light  into  the  eye,  and  indeed  less  in  proportion  as  the  pupil  becomes 
narrower  in  advancing  years.  The  crystalline  lens,  on  the  contrary, 
by  degrees  reflects  much  more  light,  which,  thrown  anew  on  the 
anterior  surface  of  the  cornea,  returns  partly  into  the  eye :  on  focal 
illumination,  the  separation  of  its  sectors  becomes  more  distinct, 
its  irregular  astigmatism  increases,  the  polyopia  monocularis,  in 
imperfect  accommodation,  becomes  (notwithstanding  the  diminished 
diameter  of  the  pupil)  stronger  and  more  irregular,  the  colour  of 
the  crystalline  lens  is  yellower,  and  entoptic  investigation  exhibits, 
over  the  whole,  more  disturbance  of  homogeneousness.  The  vitreous 
humour  also  loses  some  of  its  perfect  clearness,  at  least  at  an 
advanced  period  of  life ;  it  becomes  richer  in  membranes  collecting 
into  folds,  in  corpuscles  and  filaments,  as  both  microscopic  and 
entoptic  investigations  have  proved  to  me  :  in  consequence  of  these 
we  have  an  increased  number  of  muse®  volitantes.  Finally,  the 
diminishing  transparency  of  the  retinal  layers  comes  under  notice. 
The  very  appearance  of  the  optic  nerve  proves  that  changes  of  its  fibres 
are  not  wanting.  However,  with  respect  to  direct  vision,  this  has, 
while  the  bulbs  of  the  fovea  centralis  lie  almost  naked  (compare 
p.  4),  but  little  importance.  The  senile  changes  of  the  apparatus  of 
the  optic  nerve  itself  have  been  but  little  investigated,  and  it  is  difficult 
to  estimate  their  influence.  The  best  known  is  the  formation  of  vitreous 
elevations,  globules  and  groups  of  globules  (warty  granulation),  on 
the  anterior  surface  of  the  choroid,  in  connexion  with  the  limiting 
structureless  membrane  of  the  same.  ITie  formation  in  question  was 
observed  by  Wedl,*  then  I  accurately  described  it, t  and  discovered  and 
represented  the  intrusion  of  the  globules  with  pigment  into  the  locally 
atrophying  retina.  H.  MuellerJ  considers  these  formations  as  simple 
thickenings  of  the  structureless  limiting  membrane  of  the  choroid. 
The  function  of  the  retina  must  suffer  from  them;  they  occur,  however, 
only  to  a  small  extent  in  the  region  of  the  yellow  spot,  and  scarcely 
before  the  sixtieth  year,   after  which  they  soon  become  constant, 

•  Pathologische  Hiatologie,     Wien,  1853,  p.  330. 

t  Archivf.  Ophthalmologie,  B.  i.,  Abth.  2,  1854,  p.  107. 

X  Archivf.  Ophthalmoloyie,  1865,  B.  ii.,  Abth.  2,  p.  1. 
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UndQubteclly  other  less  well-known  clianges  in  the  retina,  in  the 
optic  nerve,  and  in  the  brain  itself,  come  under  observation  as  causes 
of  diminished  acuteness  of  vision  at  an  advanced  period  of  life. 

All  the  foregoing  has  reference  to  direct  vision,  that  is,  to  vision  of 
fixed  objects.  Outside  the  fovea  centralis  the  acnteness  of  vision 
rspidlj  diminishes.  Even  the  surface,  which  at  the  same  time  is 
seen  with  perfect  acuteness,  appears  to  be  so  small,  that  its  image 
does  not  occupy  the  whole  fovea  centralis.  The  diminution  of  the 
Grateness  of  vision  in  the  parts  of  the  retina  remote  from  the  yellow 
spot,  has  been  investigated  by  Anbert  and  Forster."^  At  a  certain 
angle  (IZ^'.S  to  SO*^),  they  found  that  acuteness  nearly  inversely 
proportional  to  the  angle  of  deviation ;  at  greater  angles  S  dimi- 
nished much  more  rapidly.  Rather  strange  and  unexpected  is  the 
result,  that  smaller  letters  and  numbers  are  indirectly  distinguished 
under  lesser  angles  than  larger  ones :  in  other  words,  that  in  looking 
at  ne^r  objects,  S  is,  in  the  peripheric  parts  of  the  retina,  greater 
than  in  looking  at  some  distance. 

In  different  morbid  states  the  acuteness  of  vision  diminishes  by  no 
means  in  equal  proportion,  in  direct  and  indirect  vision.  Not  un- 
frequently  the  disturbance  is  confined  to  the  region  of  the  yellow 
spot,  with  pexfectly  normal  8  in  the  peripheric  parts  of  the  retina  ; 
in  other  cases  indirect  vision  alone  has  suffered,  and  even  in  the 
periphery  limitation  of  the  visual  field  may  occur,  without  direct 
vision  having  suffered.  It  is  therefore  of  much  importance  to  have 
formed  an  opinion  also  as  to  the  accuracy  of  vision  in  the  lateral  parts. 
For  practical  puri>oses  the  observer  possesses  the  power  of  comparison 
with  his  own  normal  eye.  On  closing  one  eye,  the  observed  eye 
looks  to  the  left  and  the  observing  eye  to  the  right,  or  mce  verm^ 
at  each  other,  and  taking  care  that  the  observed  eye  does  not  de- 
viate, the  observer  now  exhibits,  about  in  the  plane  which  is  perpen- 
dicnlar  to  the  visual  lines,  in  the  middle  between  the  observing  and 
the  observed  eye,  different  objects^ — his  fingers,  cut-out  letters  and 
numbers,  &c. — and  thus  by  comparison  in  corresponding  part^,  he 
soon  estimates  the  degree  of  disturbance  in  the  periphery  of 
the  retina.  In  order  to  obtain  accurate  knowledge,  we  should  be 
able  to  follow  the  method  of  Aubert  and  Forster  (/.  t\).— Limita- 
tion of  the  field  of  vision  is  determined  by  projection  on  a  sheet 


•  Aftlmf.  Ophthalm,,  B.  IlL,  Abth.  2,  p,  1. 
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of  blue  or  black  paper^  as  shall  be  more  fully  described  in  treating 
of  M. 


In  the  foregoing,  the  method  was  stated  of  determining  the  aonteness  of 

y'mon  for  practical  jfurpohes.    The  formula  5  =  ^   gives,  however,  neither 

the  absolute  measure  of  the  distinguishing  power  of  the  retina,  nor  mntually 
comparable  relative  values.  The  absolute  measure  we  shall  learn  imme- 
diately, when  we  oome  to  speak  of  the  determination  of  the  aouteness  oT 
vision  OS  a  physiological  value.  That  the  relative  values  are  not  comparable, 
Snellen  (/.  c.)  has  already  observed.  If  an  image  has  double  the  magni- 
tude, it  has  not  at  the  same  time  double  distinctness.  This  we  should  be 
allowed  to  infer  only  in  cose  the  aouteness  of  vision  was  equal  over  the  whole 
retina,  in  case  the  larger  letter,  used  for  testing  diminished  S,  was  at  the 
same  moment  equally  accurately  seen  by  the  normal  eye  in  aU  its  parts.  This, 
however,  is  not  so.  Therefore,  also,  when  the  image  must  have  double  the 
magnitude  to  be  recognised,  we  cannot  say  that  the  aouteness  of  vision  is 
really  reduced  to  half.  Perhaps  it  would  be  correct  to  assume  that 
the  aouteness  of  vision  is  inversely  proportional  to  the  number  of  percipient 
retinal  elements  which  are  required,  in  a  linear  dimension,  to  the  distingniisli- 
ing  of  the  image.  But,  on  the  one  hand,  this  prejudges  the  question,  whether 
the  accuracy  of  vision  diminishing  towards  the  periphery  depends  actually  on 
the  greater  distance  from  one  another  of  the  several  percipient  elements ;  and, 
in  the  second  place,  the  principle  could  not  be  practically  applied,  in  conse- 
quence of  the  difficulty  of  determining  the  number  of  percipient  elements. 
Hence  the  method  adopted  appears  to  me  to  bo  the  only  one  available.  The 
objection  we  made,  based  upon  the  unequal  value  of  the  parts  of  the  retina, 
on  which  a  larger  image  is  formed,  is  in  great  part  got  rid  of  when  we 
consider  that  this  larger  image  is  not  seen  with  immovable  eyes  fixed  upon 
one  point,  but  is  inspected  consecutively  in  its  different  parts  by  the  fovea 
centralis:  the  different  impressions  thus  received  by  the  most  acutely 
seeing  part  of  the  retina  are  then  combined,  in  order  thence  to  deduce  an 
idea  of  the  form  of  the  whole.  The  physiological  value  of  the  acutcness  of 
vbion  beiug  an  angular  distance,  it  is  evident  that  the  values  of  iS  are  to  be 
calculated  as  inversely  proportional  to  the  linear  dimensions  of  the  images  re- 
quired for  the  distinction,  and,  consequently,  to  the  squares  of  their  superficies. 
In  all  times  letters  and  numbers  have  been  preferentially  employed  by 
ophthalmologists  in  the  investigation  of  the  power  of  vision.  A  regular 
system  was,  however,  for  a  long  time  wanting.  Stellwag  von  Carion*  pro- 
posed very  useful  letter-tests,  on  a  good  principle,     8mee,t  too,  in  hisoften- 

•  Die  Accommodatiousfvhlvr  dvs  Auyvs,  in  SUzunysherichte  dcr  kaisvr- 
lithen  Akadcmic  der  Wisscnschajtvn.  Mathcm.  naturw.  Klassc.  IJ,  xvi., 
p.  IST. 

I   The  Eye  in  Health  and  in  Disease,  p.  70.    London,  1851. 
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quoted  work,  adopted  a  sericB  of  letter- teaU.  Ed.  Ton  Jaeger  *  oonoeived 
%hA%  the  ophthalmologist  needs  teste  on  a  grrcater  soale,  and  hia  well-known 
Is9^robei^  although  not  hajied  upon  correct  prinoiplea,  were  soon  gene- 
rally adopted.  But  the  need  of  a  hetter  system,  which  Bhoiild  admit  of 
the  aciiteness  of  Yisiou  heing  expresaed  by  a  number,  was  iitill  generoUy  felt, 
and  Dr.  Snellen  haa  the  merit  of  having  supplied  this  want,  Neither  has 
Oiraud-Tealon  been  behindhand.  He,  led  by  about  the  aame  reflections, 
baa  deriaod  a  aimilar  system,  which  ho  lately  laid  before  the  Ophthalmo- 
logical  Congress  at  Paris. 

lu  contrast  to  this  determination  of  S,  euituble  for  praetieal  purpoBcit,  I 
above  placed  the  determination  of  ^  as  a  physiological  value.  In  the  tirat 
place,  the  stnalleat  angle  under  which  the  prasence  of  any  object  is  still  re* 
eognaaed,  has  bean  adopted  as  such.  Thus,  as  Bufibuf  already  remarked,  and 
WM  baa  appeared  most  evidently  from  the  determinations  of  Harting,!  this 
smalieat  angle  is  determined  by  the  iUumination^  To  illuminated  [loiuta  on 
a  dark  ground  there  are  !>carcely  boundaries.  Small  as  such  a  point  may  be,  its 
image  has,  on  aooount  of  the  imperfection  of  the  dioptric  system  of  the  eye,  a 
c?ertain  extent;  and  the  question  is  now  only  whether  this  produces,  on  one  or 
more  percipient  retinal  elements,  a  difference  (^  to  ^)  of  illumination  from 
the  others  sufficient  to  be  distinguished.  Small  dork  points  disappear,  on  the 
contrary,  very  rapidly  through  irradiation  on  a  bright  ground,  precisely 
b«oaitae  the  difference  of  illumination  of  certain  percipient  elements  thereby 
bMomea  leaa,  and,  if  the  illumination  is  very  strong,  relatively  much  less 
perceptible.  The  qnestion  as  to  the  smallest  angle  under  which  any  object 
it  still  to  be  seen,  is  thus  governed  completely  by  the  degree  of  illumination, 
and  in  a  physiological  point  of  view  it  has  therefore  no  menniug.  It  is  a 
very  different  thing  to  determine  the  influence  of  the  illumination  on  the 
indistinctness  of  objects,  with  which  Jtirin§  and  Job.  Mayer  ||  already 
eommenoed.  Nor  is  the  investigation  with  a  definite  ill  u  mi  nation  devoid 
of  importance  in  a  practical  point  of  view  (miorosoopical  investigation),  from 
•which  view  Harting  (/.  c.)  especially  has  worked  it. 

.The  flrst  exact  appreciation  of  the  physiological  question  we  And  in  Hooke*« 
wark.1l  He  investigates  the  angular  distance  required  to  observe  iwo  fixed 
atan  separately,  and  he  found  that,  among  a  hundred  persons,  soarctily  one 
ta  in  a  position  to  distinguish  the  two  stars,  when  the  apparent  distance  ia 
lr««i  than  r»0  eeeonds.  Stihwtqiif^ntly,  mmilitr  iiiM-Hli^afiouM  wtie*  (-arrted 
mi  by  Mayer,**    and    in  our  own  time    by   Volkmanii^H    iiarUugin 

rehrr  Sfnitr  und  Stan  t'ujiv  rat  tone  n^  etc.     Wien,  1854.     The  testa  ap* 
bded  were  aubsecjuently  published  separately* 
f   JlUUnre  nafurelh,     T.  III.,  p.  3211.     Parie,  1740. 

t  Met  fnikroihmp^  df«ul/»  f/ehrutk,  gesc/tiedema  en  teganwoordije  (ot^yfatul, 
ffi.  I^p.  87.    Utrecht,  1818. 

I  E$nny  oh  Distinct  and  Indhtinct  J^wion^  17"1H. 
\\    CtfiMtm'nt,  Omttimj.   iv.    1754. 

%  Hooke,  Po*^Ai/mor«  Wnrku,  1705.  •'  Comment  Goettmg.iy,  1754. 

ft  Art,  Srhen^  in  Wagner's  UdndirarU'rlnich  dvr  Phtj^udm/tfi^  Braiui- 
•divrifig*  l»40.  111.,  pp.  331.  »a5.  : :  /,  c,  pp.  97  et  Mif. 
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Webeff*  Bcrgmtimf  afid  HelmiioltSft  lor  the  most  part  with  parallel  linfii 
or  with  gau2e.  It  is  evident  that,  for  two  minute  point*  of  light  to  be 
seen  separately}  the  eentres  of  their  images  must  lie  farther  (about  one  and  ^ 
a-half  times)  from  one  another  than  the  breadth  of  a  percipient  retinaL.^ 
element :  if  the  said  centres  fall  at  both  sides  precisely  on  the  boundaries 
of  the  same  element,  this  middle  element  alone  will  then  receive  as  muol^ 
light  as  the  two  adjoining  elements  together,  while,  in  order  to  see  two  sepa.^^ 
rate  points,  a  less  illuminated  point  must  remain  between  two  more  illomm- 
nated  points.  In  using  stripes  and  wires,  not  only  the  interspaces,  but  also 
the  thickness  of  the  stripes  or  wires  come  under  consideration,  and  in  the 
calculation  Heimholtz  has  therefore  (I,  c,  p.  218)  assumed  the  angle,  cor- 
responding to  the  sum  of  a  line  and  on  interspace — that  is,  to  the  distances  of 
the  central  points  of  the  two  adjoining  olijects :  the  retinal  elements  muat 
then,  at  least,  be  less  than  the  retinal  images  corresponding  to  this  angle. 
Harting  and  Bergmann  have  some  measuiements  in  which  the  angle  thus 
calculated  is  less  than  50  seconds.  Almost  invariably,  however,  it  amounbi 
to  from  60  to  90  seconds.  By  using  the  extremely  thin  cobweb  filaments, 
tbe  angle  in  Harting's  experiments  proved  much  greater  (2  to  3  minutes) 
than  when  metallic  gauze  with  thicker  filaments  was  employed.  To  this 
cause,  no  doubt,  it  is  also  to  be  attributed  that  Tolkmann,  who  made  use  of 
cobweb  filaments,  found  particularly  high  values.  The  cones  in  the  fovea 
oentralift  have»  according  to  Schultze},  when  shrivelled,  a  thickneat  of 
0.002  —  0.0025*  in  the  recent  state  probably  of  0.0028  mm>  at  the  baait; 
according  to  II.  Mueller ||,  of  0.0025  —  0.003.  An  angle  of  60  seconds  gives 
a  re  tin  ol  image  of  0.00138.  This  is  equivalent  to  the  thickness  of  one  and 
a-balf  rods,  and  therefore  completely  confirms,  in  conoeiion  with  what  has 
been  above  remarked^  the  hypothesis  from  which  we  started,  that  each 
cone  of  the  fovea  centralis  can  separately  project  tbe  received  impression  j 
the  peculiar  undulating  curves,  too,  represented  by  straight  lines,  before 
becoming  accurately  recognisableji^  are  explicable  from  this  hypothesis. 
Hence  it  follows  also  that  each  cone  has  its  distinct  oerve-fibre.  • 

For  practical  use  in  those  labouring  under  affections  of  the  eyes,  tfec 
method  here  laid  down  for  physiological  o'bjects  is  not  applicable.  In 
practice  it  is  absolutely  required  that  the  person  examined  should  give  a 
proof  that  he  actually  distinguishes,  as  ta  done  by  the  naming  of  known 
figures,  letters,  numbers,  etc.  I  formerly  endeavoured  to  attain  my  object 
in  this  respect  by  causing  the  patient  to  determine  what  direction  the 
stripes  had  on  a  card,  which  was  turned,  behind  the  opening  of  a  diaphragm, 
around  iti*  centre.  The  distance  at  which  the  determinaiion  was  every 
time  efTected  with  precision  should,  as  I  Bupposed,  present  a  very  simpla 
measure  of  the  accuracy  of  vision.     It  appeared,  however,  that  the  inclina-    i 

•   FerhandL  der  Suehi,  Gtsellsch,    1852.    p.  145. 
t  ZeiUchrifl  f.  rat  Medimn*    Se  serie.  IL,  p.  88. 
I  /,c.,  p.  217. 

I  SUzungsbertchU  d^  niederrh.  Qe»elhch.  in  Bonn.    1S61,  p.  97. 

II  Naturwiu.  ZeUichnft,  B.  11,  p.  217.     Wtirxburg,  1861. 
II  Compare  Helmholtz,  /.  t-.,  p.  217,  Fig.  r02. 
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Km  of  the  lines  had  a  great  and  insuperable  influence  on  the  distinctness 
of  their  direction^  a  fact  undoubtedly  oonneoted  with  irregular  astigma- 
tism.    This  oiroum stance  rendered  the  method  useleu. 

The  cause  of  the  diminution  of  *S  with  the  advance  of  years,  we  have 
Bought  partly  in  increasing  imperfection  of  the  dioptric  system.  We  have 
spoken  of  the  entoptic  method  of  becoming  acquainted  with  the  changes 
oeoorring  therein.  Of  this  method  and  its  results  it  is  the  more  important 
that  we  shoidd  here  speak,  because  in  treating  of  the  morbid  changes  of 
the  vitreous  humour^  connected  with  extreme  degrees  of  myopia,  we  must 
again  specially  revert  to  it.  The  inspection  of  objects  existing  in  our  eye 
we  call  entoptic  observation  (Listing),  In  ordinary  vision,  only  ^scurities 
which  lie  close  in  front  of  the  retina  can  throw  circumscribed  shadows  on 
that  membrane.  Under  oertain  circumstanoes,  however,  irregularities 
remote  from  the  retina  become  definitely  perceptible.  This  occurs,  when 
homooentric,  and  especially  nearly  parallel  light,  passes  through  the 
▼itreouB  humour.  Such  light  we  ob- 
tain when,  in  ^\  (Fig.  98),  about  13  Fig.  98, 
mm.  from  the  cornea,  a  very  small 
mmite  of  light  exists,   a  dioptrio  or 

catoptric  image,  or  simply  a  very  small        ^   ^_— — — 7  

opening   (of   about   01    mm.)   turned       ^^^^S^f — "  i  ^^^  fi 

towards  the  light:  through  the  round 
pupil  rays  penetrate,  which  form  a 
cylindrical  and  sufficiently  bom oeen trio 
bundle  of  light  in  the  vitreous  humour, 

and  cause  an  object  B^  to  throw  a  shadow  /3,  upon  the  retina.  Thus, 
if  we  hold  before  the  eye,  at  a  distance  of  about  13  mm,,  a  thin  black 
metal  plate»  furnished  with  a  small  opening  of  O'l  mm,,  and  if  we  look 
through  this  opening  towards  the  bright  sky  or  the  globe  of  a  lamp,  or  if  we 
cause  the  dioptric  image  of  a  flame  to  fall  into  the  opening,  the  retina  re- 
ceives a  circle  of  light  of  the  form,  and  of  about  the  magnitude  of  the  pupil, 
without  inversion,  and  therefore  inversely  projected,  on  wliich  aU  irregu- 
larities are  representtd.  Particularly  shadows  which  are  formed,  but  also 
difiraction4ines  are  to  he  seen  thereon,  and  the  effect  of  the  refraction  of 
light  by  some  corpuscles  is  also  not  to  be  mistaken*     We  can  distinguish : 

1.  The  muco'lachrt/mal  spectrum,  dependent  on  tears,  mucus,  fat  globules 
and  bubbles  of  air,  moving  on  the  cornea  ;  on  the  edges  of  the  eyelids 
pushed  before  the  pupil,  whose  lashes  are  also  accurately  represented,  we 
B«e  stripes,  dependent  on  the  layer  of  moisture. 

2.  The  spectrum  of  the  vitreous  hunumr.^Viv  ticiilarly  for  the  parts 
dtaated  closer  to  the  retina,  the  light  needs  less  to  be  homocentrio,  and  it  is 

sfore  advantageous,  in  order  to  be  less  disturbed  by  the  spectrum  of  the 
16  lens  (see  3),  to  take  a  somewhat  larger  opening.  On  an  ejctremely 
^ely  granular  ground  (optical  effect  of  the  granular  layers  of  the  retina 
on  the  layer  of  rods?)  every  one  sees  with  the  greatest  difitinotness  the 
movable  musem  vofit^ntsH.  We  distinguish,  a.  Isolated  little  ciVrfc^,— some 
with  dark|  others  with  pale  contours  and  bright  in  the  c«ntre,  mostly  but- 
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..21.   rr.zi  the  retina, 

z-.C'i  t":j.:.2^'-'  1-*:  li-"^  "*"'  -:•  '-"ir  •  i.  "  jt  •^■:■■z  "j.u-  Tis:ial  ixia  is  moved 
V,  "l:*:  si'i-.  M-  :=p^'-:.i-"  -  ip'.T-rt-u.  a:ii;iii:!i-"-.z:=rr';pte<i.  movement 
fr.m  iz*.~ :  i.vzvirii.  !£  r- :^i  n  "j:..-  iifni":na«!s  Tiriiited  close  behind 
tire  l»iQa  i/nar-^z:*"  r.ae  ir-viri--.  xi.ie.  .-n  -iie  I'mmry.  those  situated 
near  :h»i  rsrizj.  i':a<:«=in;.  ny  'za:  Ji  "Jie  "-.siio-.  1:1:^  "Ji-y  pa^s  one  another. 
Ir-i:  "Vi  Z':"v  jrdQ  «*i  './.•.-  ^ia-.z-i  iitrmaraae?*  '^o-^nw  mi.n  iZ'i  more  indis- 
v.i'.-t.  ▼'.:a':u:  i:i  "3t.:T;r  i-'.ii.a:  ".liac  :;!tjv  T«L'etie  Trim  the  neid  of  vision, 
iji'i  v.t.  -El  r^iTpira::!.:  tli-*  3i>:"":mtfnr.  they  -ziiih  rlx-j  iprtar  afresh  dis- 
tiiocly.  H-rC'-'e  roilo'v*  w!ia:  :a  accuric^.'  iVidr  .5  mi.re  fully  confirmed, 
t;'.i:  th-rse  ai«rc:bri:!'iS  'ii^-i  -.^nly  ipnaryntky  an  ^xtensiTe  m«.tion.  and  that 
whac.  '.'a  su'^jorcoial  in  ;'ccc:on,  vu  :*uoul'i  be  iaciiae'l  to  look  upon  as  a 
movifUieiit  ot  uie  wholtf  mombrane.  is  merely  thif  oonticoatiun  of  thtf  fulds, 
which  on  mutioa  aro  fijcmed  at  xha  periphery.  Mid  cowards  the  extremity 
of  the  Bembnnea  Um  thtfir  dallMd  hm.  The  cauM  of  the  dilferencc 
ift  diN«tHHi»  in  wMm\  ■■^■■1  of  A*  membnae»  and  the  propagation 

•f  IkftI  ^lit  fiut  of  loeatiaa.  in  front  of  or 

I  ik  tfM  pupil  artzlicially  dilated, 

Ifi^  a»  Aat  we  can  see  tolcr- 
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mbly  well  at  ihe  side  of  the  visual  linei  we  observe  that,  particularly  on 
powerful  latcralt  suddeolj  iat^*rrupUd  movementB,  btill  more  mcmhraues 
ttppcflf  tolerably  close  behind  the  lens,  which  rarely  extend  to  the  visual 
line^  and  htre  terminate  with  irregular  poinu,  sometimes  torn  otf  in  ray^. 
TTie»c  membranes  iniTease  and  bccomv  les9  transparent  in  advanced  life^ 
€iti*eciallt/  where  my^ppia  exists. 

Having,  in  the  manner  to  be  stated  hereafter,  determined  the  position  in 
depth  of  these  diiTerent  formSf  I  succeeded  in  tin  ding,  on  mierosoopiu  ex  ami- 
nation,  with  Professor  Jansen  {Ned.  Lancet^  2***  Seric,  IJ.  11,  1843),  some, 
and  subsequently  with  Dr,  D«>ncan,  all  forms  in  the  vitr^eoi  ftilmir  eC  the 
human  eye.  In  the  investigalion  the  vitreous  humour  wna  MMMliA  w!th 
the  hyaltnd  tt€inbrano  uninjured  to  a  hollow  glass;  the  ^fllviiVB  ^nmi^itr 
soon.  be^cXtteB  fiat,  and  viewing  it  from  different  sides,  we  can,  %fth  tialMlMy 
Btrong  loilfcs,  search  it  all.  Of  the  muacse  volttantes,  which  every  tfitt  tkn 
see  9fitoptieal]y  in  himself,  I  have  not  here  reprofluoud  the  representations. 
They  are  microscopic aDy  perceptible  in  the  vitreous  humour :  a.  pale  oelU, 
and  debris  of  cells  in  a  state  of  mucine- metamorphosis  (Fig.  U9  a,  close  to 
the  visual  axis  in  the  posterior  part  of  the  vitreous  buTuour ;  A,  more  laterally 
in  tiie  vitreous  humour).  These  correspond  tt>  the  isolated  circles  described 
under  a.  fi.  Fibres  furnished  with  granules  (Fig*  100),  corresponding  to  the 
pearly  strings ;  we  found  them  less  generally  than  the  large  number  of 
those  atiings  should  have  led  us  to  suppose,  y.  Groups  of  granules  with 
adhofent  granular  fibres  (Fig.  101),  corresponding  to  the  groups  described 
under  c.  d.  (Fig.  102)  membranes,  situated  ohieiiy  to  the  side,  close  behind 

Fig.  100. 


Fig,  99. 
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Fig.  102. 
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Pearl-spotn^  tolerably  rouod  disks  with  Qccuratelj  circumscribed  darker 
marg:iiiB,  but  brighter  'fiternallf,  nearly  universally  occurring  in  every  eye  j 
the  majority  are  eituated  tolerably  close  to  the  surface  of  the  crystalline  lens^j 
in  great  part  eooentrically  placed,  and  therefore  appearing  ooly  when  th( 
pupil  is  artiBcially  dilated.  Examining  at  different  times^  I  on  each  occaali 
found  others;  they  may  be  developed  in  a  few  days,  and  somelimeB  continue 
year  or  longer ;  in  general  their  number  increases  with  the  advance  of  years. 
They  are  microscopically  visible  aa  large  globules  among  the  superficial  fibres 
of  the  lens,  which  they,  as  it  were,  push  out  from  one  another,  h.  Black,  or 
rather  opaque  apatt,  ufiually  round,  but  sometimea  of  irregularly  angular,  or, 
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liblong  form,  not  bo  cominoii  as  tb«  pearl-spots.  I  have  also  Been  tbem,  on 
iioroacopic  examination,  rather  superficially,  as  white,  granular,  opaque  cor- 
,  almost  alwaya  in  tlie  boundaries  of  the  sectors  of  the  crystalline  leos^ 
^They  appeared  not  to  be  dependent  on  fatty  metamorphosis.  r»  A  radiated 
fi^re,  more  or  less  regular,  usually  with  ramifications  proceeding  about  from 
the  centre ;  the  rays  exhibit  themselves,  sometimes  &a  black,  but  ordinarily 
as  white  lines  with  dark  boundaries.  If  we  remove  the  point  of  light  &om 
the  eje^  these  lines  paas  into  the  well-known  rays,  exhibited  by  a  star 
or  point  of  light,  for  which  the  eye  is  not  accommodated,  and  these  oor- 
ftpond  again  to  the  manifold  images,  under  which  a  point,  for  example, 
fine  white  granule  (such  as  of  white-lead  scraped  off  a  visiting  card), 
rs  within  the  bounds  of  distinct  vision  upon  a  darker  ground  (for 
rample,  on  black  velvet).  These  phenomena  are  connected  with  the  oom- 
sition  of  the  lens  of  so-called  sectors,  which,  as  Helmholtz  showed,  can 
)  very  well  seen  with  the  magnifying-glass,  with  lateral  focal  iUtunination, 
I  the  living  eye.  Ail  theite  irreffuUirilks  of  the  lem  increase  mih  the 
n#  of  Itfe,  and  partly  vxptain  the  diminished  acutenesM  qfvmm. 
Of  all  the  entoptic  objects  observed,  we  can  easily  determine  the  position 
in  point  of  depth,  according  to  a  method,  to  which  I  was  led  by  those  of  Sir 
David  Brewster  and  of  Listing.  Instead  of  looking  through  one,  we  look 
through  two  openings  of  0*1  mm,,  placed  at  from  25  to  3  mm.  from  each 
otter.  Two  cylinders  of  light  (Fig.  104,  a  a\  b  h\  and  c  c\  rf</'),  each  in  itself 
homooentrie,  then  penetrate  the  eye,  under  such,  an  angle,  that  the  circles  of 
whioh  a  I*  and  c*  </',  are  the  diameters,  on  the  retina  cover  one  another  nearly 
by  half.     We  therefore  see  them  as  Fig.  105.     In  each  circle  the  entoptic 
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s{vcotra  ore  now  to  be  seen.  From  a  point  1,  situated  in  the  plane  of  the 
papil  f »",  the  two  entoptio  shadows  lie  precisely  in  the  middle  of  the  two, 
circles,  in  the  circle  a'  h\  at  r',  in  the  circle  e'  fi\  at  b\  and  therefore  precisel 
OS  far  from  one  another  as  the  centres  of  the  circles  themselves :  for  eacl 
otJier  point,  situated  in  the  plane  of  the  pupil,  the  mutual  distance  of 
two  entoptic  shadows,  although  now  falling  in  other  parts  of  the  circles,  is 
of  course  ecjiial  On  the  contrary  for  a  point  2,  situated  in  the  cornea,  they 
fall  farther  from  one  another,  as  2'  and  2'  j  for  a  point  3,  situated  behind  the 
plane  of  the  pupil,  they  fail  closer  to  one  another,  as  3'  and  .*i',  as  the  lines 
drawn  from  these  points,  parallel  to  the  rays  of  the  two  cylinders,  signifyi 
We  now  see  also,  without  further  demonstration,  that  the  distance,  d^  of  thwt 
double  shadows,  is  in  the  some  proportion  to  the  distance  1/  of  the  entoptii 
objects  from  the  retina,  as  the  mutual  distance  d  of  the  centres  of  the  two 
circles,  to  the  distance  B  from  the  plane  of  the  pupQ  to  the  retina  =  from  18 
to  19  mrn.  We  have  therefore  only  to  project  the  mutual  distance  d  of  the; 
two  centres  (=  the  breadth  of  the  nnoovered  part  of  the  circles),  and  that  oi 
the  double  shadows,  d\  of  any  object,  in  order  to  find  for  the  same  object,  as 

(f    y     19 

distance  from  the  retina,  27=:  — ^—  - 

The  measurement  of  the  projected  images  is  most  easily  eflected  by 
the  method  li  d^uhfe  iiie,  in  use  in  micrometry :  looking  through  the  two 
•mall  openings  (which  may  for  that  purpose  occupy  tbe  place  of  the  object- 
glass  in  a  microscope- frame)  downwards  on  a  mirror  reflecting  the  ligh 
we  can  with  the  other  eye  project  and  measure  tho  forms  on  an  adjoinin, 
sheet  of  white  papvr.  In  this  manner  the  distances  stated  above  wei 
determined,  la  Fig.  105  we  see,  in  the  two  circles  of  light,  half  covering 
each  other,  as  Cand  h*,  the  centres;  as  l\  1',  the  double  images  of  themuco* 
lachrymal  spectrum  ;  as  2',  2',  those  of  pearl-spots ;  as  3',  5',  those  of  dark 
spots  of  the  lens ;  as  4',  4',  those  of  the  anterior,  as  5\  5',  those  of  the  posterior 
folds ;  as  6V  C,  and  as  7,  8,  9  and  10,  those  of  smaller  and  smaller  pearly 
strings;  as  11  those  of  greater,  as  12  those  of  smaller,  isolated  circles. 
Taking  into  account  tlie  distance  at  which  we  project,  we  also  find  easily 
the  magnitude  of  the  shadows^  which,  both  on  account  of  the  diffraction* 
lints  and  of  the  imperfect  homocentrioity  of  the  light,  prove  somewhat 
larger  than  the  objects. 

In  conclusion,  a  word  respecting  the  history  of  our  knowledge  of  entoptn 
phenomena.  Dechalea  (Cursus  s.  Mtindns  Mtithtmaticu»,  Lugduni,  lOtM), 
T,  11 L,  pp*  393,  398,  eto.),  a  Jesuit  of  the  ITth  century,  saw,  as  being' 
highly  myopic,  his  entoptio  spectrum  in  the  circle  of  diifusion  of  remote 
points  of  light,  and  comprehended  and  described  what  he  saw.  He  showed, 
on  correct  principles,  that  musoa)  voHtantes,  observed  during  ordinary 
vision,  must  depend  either  on  corptisck^s  situated  near  the  retina,  or  on 
morbid  parts  of  the  retina  itself.  The  observation  of  the  true  motion  of 
musca)  volitantes  by  Andreoe  (Graefe's  und  von  Walther's  Journal  der  CMr. 
nnd  Angenheilktmde,  voL  yiii,,  S.  16,  1826),  Pr6vots  {Mvm,  de  la  Soc,  de 
Phys,  et  d\HisL  Nattirefle  de  Geneve,  1832,  p.  244),  Sotteau  {Ann,  et  BulL 
de  la  Soct'Hidc  MM,  de  Gand,  voL  xi.livr*  9, 1842),  and  others,  should  have 
been  sufficient  to  solre  the  dilemma  raised  by  Decbales ;  but,  neverthe- 


vo       ' 
s 

M 


at I 

I 


HISTORY  OF  ENTOPTIC  OBSERVATION. 


2C>3 


lem^  the  troths  and  errors,  taught  hj  Morgagni  {Atlvfraartft  Amtlomtea^  vi^ 
4im.lxxv.  p.  94,  Lugd,  BaUv,  1722),  were  perpetually  reiK?attil.  Since  ITtU), 
Oh  we  read  in  Mackenxio  ( ^i/m^Mz-ir/A  Med.  ami  SunjicttlJoitrfwltJwWf  1^45), 
^b^ervers  bad  begun  to  study  the  mudou)  volitanten  botfi  through  a  smnll 
opouing,  and  with  the  aid  of  lenses.  Maokeuzte  himself  gave  a  Tery  credi- 
tahle  dc'soription  of  the  uiueo-lachrymal  spectrum  observed  in  this  nmnuer, 
aud  of  th^t  of  the  vitreous  humour,  but  without  making  use  of  Breweiter*s 
method  of  determining  the  distance  from  the  retina.  Sir  David  Brew&tor 
had  previously,  however  ( Tranmciion^  of  the  Rutjul  StmHi/  of  Efiinhurgh^ 
voL  xv,  p.  374),  by  using  two  points  of  light  (the  dioptric  iioagesof  two 
lUmes,  towardd  which  he  looked  through  a  powerful  dioptric  system),  as  an 
ejjMfrtmeHtum  erucib  doubled  the  shadows,  and  thus  given  a  direct  proof  of 
the  position  of  the  objects  in  the  vitreous  humour  producing  mosoa?  voli- 
t antes,  and  even  made  a  calculation  of  the  position  of  one  of  his  muscie  voU- 
tant«s  This  was  followed  by  the  treatise  of  Listing  {Betfrtu/  zur  pht/ftoh- 
^isehcn  Op/iA%  Gottingen  1845),  who  fully  developed  the  theory,  discovered 
the  spectrum  of  the  crystalline  lens,  and  deduced  the  position  of  the  objects  in 
the  eye  from  their  parallax  in  the  motions  of  the  eye:  thus^  as  is  easily  con- 
ceived, the  shadows  of  corpuaclos,  situated  in  the  plane  of  the  pupil,  on  move- 
ment of  the  visual  line,  luaintaio  their  place  in  the  circle  of  light,  while  those 
in  front  of  that  plane  thereupon  exhibit  a  fWHJtive,  those  bc^hind  it,  a  negative 
pmrallftx,  which  parallax  is  greater  as  the  distance  from  the  plane  in  ijuestion 
ia  greater.  Listing's  method  is  not  very  applicable  to  movable  corpuscles. 
Tliat  of  Brewster  presented  difficulties  in  the  projection,  and  the  calculation 
was  uncertain  and  troublesome,  until  I  pointed  out  (Xe(U*rhndsch  Litncct^  2"^*" 
Seric,  1 84 7, D-  11,  pp.  36^,  432,  and  537,  and  Archw  f  pht^itwhi/ische  Jlttl- 
katuh^  viii.  p.  30,  1819),  that  the  centres  of  the  two  i'licles  arc  nearly  pro- 
portional (the  crystalline  lens  causes  a  slight  modilioation)  to  the  distance 
ijetweeu  the  pupil  and  the  retiua.  In  my  method  above  described^  I  at  Erst 
projected  on  a  white  paper  on  which  the  sun  shone,  subsequently,  with 
DoQcan  {De  corjt*>ris  vitrei  structttrd.  Diss,  inaug.  Trajecti  ad  llhenura,  1854), 
I  uaed  the  methode  a  dm^h  riw?.  Tho  corpuscles  in  the  vitreous  humour  I 
had  already  partly  found  with  my  friend  Prof.  Jansen ;  subsequently  I  had 
diflOOTered  all  forms  with  Doncan,  who,  under  my  direction,  wrote  his  dis» 
sertation  on  this  subject ;  I  have  also  repeatedly  seen  those  of  the  crystalline 
lens, — Elsewhere  {Ned,  Lancet^  2'*''  Serie,  D,  iv*  p,  C38),  1  have  also  described 
bow,  by  means  of  a  lens  with  a  pupil  (an  opening  in  a  diaphragm)  placed 
before  it,  and  of  two  little  lights  in  the  focal  plane  of  that  lens,  the  pheno- 
mena, which  apply  to  our  method,  can  be  made  visible  on  a  screen. 


Sir  David  Brewster  closes  his  paper  with  the  following  striking  words : 
**  And  this  is  but  one  of  numerous  proofs,  which  the  progress  of  know- 
ledge is  daily  accumulating,  that  the  most  abstract  and  apparently  trans- 
adenlal  truths  in  physical  science,  will,  sooner  or  later,  add  their  tribute 
\  supply  human  wants,  and  alleviate  human  sufferings.  Nor  has  science 
~fierformed  one  of  the  least  important  of  her  fLmctions,  when  she  enables 
US|  either  in  our  own  case,  or  in  that  of  others,  to  dispel  those  anxieties  and 
fem,  which  are  the  necessary  offspring  of  ignorance  and  error/'     These 


words  are  drawn  from  liie^  Every  CKsulist  hy  ejcpeiienoe  loiowa  their 
truth.  **  Few  Bymptoma  prove  so  alarming  to  peraotu  of  a  nervous  habit 
or  oonstitution  aa  maA4^  TolitaateB,  and  they  immediately  8appo§e  that 
tiiey  are  aliout  to  lose  their  eight  by  cataract  or  amanrosiA."  Often,  alaa  t 
thie  anxiety  ia  even  still  kept  up  by  ignorant  praodtioners.  But  nothing 
is  easier  than  to  convince  such  gloomy  patients,  who  have  usually  already 
acquired  some  knowledge  of  the  eye,  that  the  seat  of  the  phenomenon  is  to 
be  met  with  in  the  vitreous  humour,  and  not  in  the  nerve :  they  readily 
comprehend  the  signification  of  the  doable  shadows  by  comparison  with 
an  experiment  with  two  lights,  which  can  give  double  shadows  of  an  object 
on  a  wallf  only  when  the  object  does  not  lie  against  the  wall*  Under  what 
eircumstances  complaints  of  muscte  volitantes  may  have  a  dangerous  signt* 
r  ficatioD,  ihall  be  pointed  out  in  treating  of  myopia. 

f  I  formerly  wrote  a  detailed  essay  {Ned*  Lancet,  2*  Serie,  D.  11)  on  the 

i        *     employment  of  entoptio  investigation  in  the  diagnosis  of  defects  of  the  eye. 
I  How  that  (thanks  to  the  yalnable  invention  of  Helmholtz)  the  ophthal- 

I  moscope  is  in  our  hands,  the  importance  of  the  entoptio  mode  of  examina- 

L  tion  for  diagnods  is  thrown  completely  into  the  shade. 


16.  Uaijge  of  Accommodation^  modified  by  Agb.— Presbyopu. 
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The  refraction  of  the  eye,  and  still  more  the  range  of  accommo- 
drttion,  become  modilied  witli  the  increase  of  years.  The  diminu- 
tion of  tlic  power  of  accommodation  first  takes  place  j  it  is  perceptible 
long  before  the  refractive  condition  of  the  eye  in  the  st4ite  of  rest 
haa  undergone  any  modification :  for  the  distance  R  of  the  farthest 
point  continues  long  unchanged,  while  P,  that  of  the  nearest  jK>int 
of  distinct  vision,  becomes  gradually  greater  and  greater.  Thus 
the  range  of  accoinmodation  diminishes* 

The  progressive  removal  of  jo  is  a  fact  of  universal  experience,  I 
People  are,  however,  generally  of  opinion  that  this  retrogression 
commences  first  about  the  fortieth  year.  But  this  is  an  error. 
Not  until  about  that  time  of  life,  under  some  circumstances,  does 
the  retrogression  of  p  make  itself  felt  as  a  disturbance  in  the  normal 
eye,  and  therefore  attention  is  then  first  directed  to  this  so-called 
weakness  of  the  eye;  but  already  in  youth-^nay,  even  before 
puberty^^  moves  considerably  back*  This  change  affects  all  eyes 
i^ithout  distinction,  as  well  the  myopic  (provided  it  be  healthy)  as 
the  hypermetropic  and  the  emmetropic  eye. 

In  the  first  place,  it  may  here  be  asked,  in  general,  how  and  from  what 
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cause  it  is^  that  at  so  early  a  period  of  life,  while  all  the  fimctionsj  and 
especially  that  of  the  miis<?le9,  are  in  a  state  of  progressive  develop - 
menij  the  power  of  accommodation,  which  depends  upon  muscular 
action,  already  loses  in  extent?  As  it  must  be  admitted,  that 
the  ciliaiy  muscle  has  continued  normalj  and  is  therefore  still  in  full 
force,  we  come  readily  to  the  inference  that,  at  least  in  the 
first  instance,  the  diminution  is  to  be  sought  exclusively  in  the 
condition  of  the  parts,  which  in  accommodation  are  passively  altered, 
and  by  no  means  in  the  state  of  those  whereby  the  change  is  actively 
produced.     Now  the  organ  which  is  passively  altered  is  the  lens. 

Is  the  early  diminution  of  the  range  of  accommodation   j  to  be 

(X 

explained  from  this  ?     We  know  that  at  an  advanced  time  of  life 

the  lens  is  firmer  than  in  youth.     I  think  I  may  even  assert  that 

the  increase  of  firmness  commences  at  an  early  period.     Now,  it  is 

in  consequence  of  this  greater  firmness  that  the  same  muscular  action 

can  no  longer  produce  the  same  change  in  tlie  form  of  the  lens, 

1 
It  is  therefore  very  probable  that  the  early  diminution  of  -r  de|)ends 

thereon. 

After  the  power  of  accommodation  has  considerably  decreased,  a 
slight  diminution  of  refraction  gradually  takes  place.  This  appears 
from  the  fact  that  now  also  r  begins  to  remove  from  the  eye,  and 
that,  consequently,  the  posterior  focus  is  transferred  to  a  greater 
depth  in  the  organ,  or  even  to  behind  the  retina.  But,  as  I  have 
already  remarked,  the  diminution  of  refraction  is  not  perceptible 
until  a  late  period  of  hfe.  At  the  fortieth  year,  it  has  not  at  all,  or 
has  scarcely  commenced,  and  it  is  not  until  the  sixtieth  or  seventieth 
year  that  it  is  distinctly  present  in  an  originally  emmetropic  eye. 
On  account  of  the  simultaneously  diminished  range  of  accommoda- 
tion, the  visual  hnes  being  [mrallet,  the  eye  can  then  frequently  not 
he  accommodated,  even  for  remote  objects,  and  a  positive  glass  is 
therefore  required  also  for  distance. 

Tlie  doubt  might  be  raised,  whether  the  diminution  in  refraction  is 
not  only  apparent, — whether  in  all  those  cases  in  which,  at  a  later 
jieriod  of  life,  H  is  observable,  an  equal  degree  of  latent  H  did  not 
already  exist  in  youth.    If  this  were  so,  the  change  should  be  referrible 

exclusively  to  diminution  of  j  *  We  are,  however,  justified  in  de- 
claring this  doubt  to  be  unfounded.     Sometimes  a  certain  degree  of 
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H  is  developed  in  relatively  so  short  a  timei  especially  when 
traces  of  obscuration  arise^  and^  as  it  appears^  also  in  glaucoma,  that 
there  is  no  ground  whatever  to  assume  the  original  existence  of  the 
same  degree  of  II.  Moreover^  I  have  in  myopia  also  occasionally  satis- 
fied myself  of  the  presence  of  a  diminution  of  refraction.  Finally,  and 
this  in  itself  is  convincing,  at  an  advanced  period  of  life  H  is  much 
more  common  than  in  youth.  The  question  therefore  is,  on  what 
the  diminution  of  refraction  depends.  Flattening  of  the  cornea, 
and  lessened  circumference  of  the  eyeball,  the  visual  axis  of  which 
should  tlius  have  become  shorter,  have  been  suggested.  It  seems  to 
me  more  probable  that  the  cause  is  to  be  sought  in  the  lens.  It  is 
generally  known  that,  at  a  more  advanced  time  of  life  the  latter,  toge- 
ther with  the  iris,  moves  forward,  and  this  renders  the  cornea  appa- 
rently flatter.  But  this  displacement  of  the  lens  should  in  itself  have 
precisely  the  opposite  effect,  and  should  move  the  focus  somewhat 
forward.  There  must  consequently  be  another  cause,  which,  in 
spite  of  this  influence,  lessens  the  refraction.  This,  if  I  am  not 
mistaken,  is  to  be  sought  chiefly  in  a  more  uniform  firmness  of  the 
several  layers  of  the  lens.  Even  Thomas  Young  remarked,  and 
it  has  been  more  fully  demonstrated  by  Senff,  Listing,  and  others 
(compare  p.  39),  that  with  the  laminated  structure,  with  refractive 
power  diminishing  towards  the  periphery,  the  lens  has  a  shorter 
focal  distance  than  a  lens  of  similar  form,  and  composed  wholly  of  a 
substance  of  the  refractive  power  ])roper  to  the  nucleus  of  the  lens, 
would  have.  If,  consequently,  with  the  advance  of  years,  the  outer 
layers  become  more  solid,  a  greater  focal  distance  must  be  the 
result.  Now,  the  existence  of  this  increase  of  solidity  is  evident 
from  the  increasing  reflection  in  advanced  life  on  the  anterior  and 
posterior  surfaces  of  the  lens,  a  reflection  which  is  proportional  to 
the  diiforenco  in  refractive  |)owor  b(^tween  Uic  outer  layers  of  Hie 
lens  and  the  aqueous  or  vitreous  humour;  and  it  is  also  capable  of 
being  established  by  anatomical  investigation.  But,  in  addition  to 
this,  in  advanced  life  the  lens  appears  to  become  flatter,  on  which 
account  the  radii  of  curvature  of  its  surfaces,  and  its  focal  distance, 
are  increased. — I  have  satisfied  myself  (see  p.  89)  that  the  cornea 
does  not  become  flatter,  and  I  have  no  reason  to  assume  that  the 
visual  axis  should  become  shorter,  except  in  the  most  extreme  old 
age.  I  therefore  believe  that  the  cause  of  the  state  of  diminished 
refraction  must  be  sought  in  the  above-mentioned  changes  in  the 
lens.     In  favour  of  this  view  is  also  the  circumstance   that   the 
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diminutioa  of  refraction  at  last  goes  hand  in  hand  vritli  the  diminu- 
tion of  the  power  of  accommodation :  indeed  this  poitit^  to  a  coin- 
tnoa  origin,  and  we  have  above  seen  that  the  latter  dei>eij(]s  upon  a 
hu^eaing  of  the  lens. — The  vitreous  humour  1  have  not  compared, 
with  reference  to  its  refractive  power,  at  different  times  of  life.  It 
is  self-evident  that,  as  lis  anterior  surface  is  concave,  an  increase  of 
its  refractive  power  must  move  the  posterior  focus  of  the  eye  6mJt^ 
wards. 

As  I  have  above  remarked,  the  changes  in  accommodation  and 
refraction  occur  in  each  form  of  tlie  eye.  We  have  here  to  subject 
to  a  more  accurate  examination  only  those  which  take  place  in  the 
emmetropic  organ* 

F%-  104  represents  the  course  of  the  nearest  pj},  ami  of  the 
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farthest  points  r  r,  and  consequently  that  of  the  power  of  arcommo- 
'bf  ion  in  the  emmetropic  eye,  at  different  periods  of  life.    The  figure 
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needs  but  little  explanation.  The  ntmibers,  to  the  leftj  indicate,  iia 
before,  the  distance  in  Parieian  inches,  for  which  accommodation  can 
take  place ;  those,  which  are  lower  than  oo,  have,  as  in  the  previous 
figures,  a  negative  signification :  they  represent  the  distance  at  which 
the  converging  rays,  for  wbich  the  eye  is  accommodated^  come  to  ^M 
focus  behind  the  nodal  point.  The  numbers  placed  above  the  figurfP^ 
indicate  the  age,  expressed  in  years.  On  the  lines  p  p  and  r  r  we 
can,  therefore,  for  each  year  of  life,  read  off  the  nearest  and  the 
farthest  points  of  distinct  vision,  while,  at  the  same  time,  the  distance 
between  these  two  hues  exhibits  the  range  of  accommodation ;  the 

distance  between  two  transverse  lines  is  again  =  -^  accommodation. 

From  the  figure  it  directly  appears,  that,  even  from  the  tenth 
year,  at  which  the  ol»servation  becomes  possible,  p  approaches 
the  eye,  and  indeed  with  tolerably  uniform  rapidity,  so  tbat  at  the 

thirtieth  year  j  has  faDen  to  about  one-half  what  it  was  at  tli§ 

tenth  year.     From  this  time  the  descent  appears  to  take  pL 
somewhat   more   slowly,   but   nevertheless   to   proceed  incessantly 
to  the  most  advanced  time  of  life.     The  course  of  the  farthest 
point  is  quite   different.     Up  to  the  fortieth  year  it  remains  at_ 
the  same  heigftt  \  but  from  that  time  an  extremely  slow  de 
occurs,  the  emmetropic  eye  becoming,  at  the  6ftieth  year,  soi: 
what  hypermetropic,  which  H  at  the  eightieth  year   amounts 

from  ^  to  — - .     This  acquired  hypermetropia  may,  finally,  becoD 

absolute,  that  is  to  say,  that  not  only  accommodation  for  diverg 
but  even  for  parallel,  rays  becomes  impossible.      I  have  not  un- 
freqnently  met  with  this  in  persons  at  sixty  years  of  age,  who 
their  youth  probably  exhibited  no  H  whatever.     This  was  inferr 
when  they  did  not  before  the  forty-fifth  year  of  their  hfe,  need  sp 
tacles  in  the  evening  for  minute  work. 

The  course  of  p  in  the  emmetropic  eye  was  deduced  from  a 
number  of  observ^ations.     In  Fig.  105  each  observation  is  indicat 
by  a  point,  and  the  position  of  these  points  shows  at  the  same  ti 
that  the  deviations  of  the  mean  course  are  not  particularly  grea 
And  still  these  must  undoubtedly  he  in  part  ascribed  to  error  in  obs 
vation;  in  some  a  slight  degree  of  H  may  also  increase  the  deviation 
In  the  preparation  of  this  table,  emmetropic  eyes  were,  for  the  most  par 
used ;  but  also  eyes,  affected  with  a  sbght  degree  of  M  (  =  1  ;  - 


or  less),  were  not  excladed.     These  last  even  deserve  to  be  pre- 
ferred.    Indeed^  in  thes^e  alone  we  have,  without  artificial  paralysis 
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:-oinroodatiou,  suiliciunt  security  that  the  nearest  point  is  not 
IJufluenced  by  a   latent  H,  and  we  may  sufely  assume  that,   with 

I  these  degrees  of  M,   -r-is  equal  to  that  of  the  emmetropie  eye.     In 

proportion  to  the  M  ascertained,  p  was  of  course  reduced.  Lastly, 
I  should  observe,  that  when  p  appesired  to  lie  at  a  greater  distance 
than  S  ,  it  was  always  calculated  from  a  deterniinijtiou^  made  witli 
the  aid  of  positive  glasses.  It  was  thus  broufrht  to  the  distance  of 
about  8'.     If  tliis  were  not  done,  then,  on  account  of  the  absence  of 

nvergence,^  would,  in  advanced  life,  he  computed  too  low. 

On  the  diminution  of  rtfraction  jo^t  ileserilteil,  and  especially  on 
that  of  the  accommodation,  depends  a  condition  which  has  been 
termed  presbyopia,  Pr.  Presbyopia  has  been  set  down  as  synonymous 
mth  /am^kUdness,     By  this  we  by  no  means  wish  to  convey,  that 
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the  eye  sees  accuratelj  at  a  great  distance^  for  of  this  tibe  young 
emmetropic  and  moderately  hypermetropic  eye  is  also  capable.  We 
wish  only  to  express  the  fact^  that  it  cannot  see  near  objects  accuratelj. 
In  like  manner  we  call  a  person  near-sighted,  not  because  he  can  distin- 
guish small  objects  close  to  the  eye, — for  this  too  the  young  emme- 
tropic eye  enjoys  in  common  with  the  near-sighted  one,  but  becaase 
he  does  not  see  well  at  a  great  distance. 

I  will  not,  however,  dwell  upon  the  incorrectness  of  the  English 
expression  farsightedness.  It  is  only  the  idea  I  would  refer  to, 
and  this  deserves  to  be  more  closely  examined. 

In  this  respect  I  would  first  observe,  that  only  that  farsightedness 
is  to  be  considered  as  Pr,  which  is  dependent  on  the  diminution  of 

J-,  as  the  result  of  advanced  life.     The  very  etymology  of  the  word, 

compounded  of  wptcrpvs^  old,  and  ©V^,  eye,  indicates  this.  Were 
we  to  term  every  impediment  to  the  accurate  vision  of  near  objects 
Pr,  paralysis  of  the  power  of  accommodation  should  be  placed  in 
the  same  category.  Even  H,  so  far  as  with  it  vision  of  distant,  is 
easier  than  that  of  near  objects,  should  be  comprehended  under  the 
term,  and  we  have  made  it  clear  enough  to  what  great  confusion  of 
ideas  we  should,  by  so  doing,  give  rise.  (Compare  §  6).  Tie 
tertn  presbyopia  is,  therefore^  to  he  restricted  to  the  condition,  in 
which,  as  the  result  of  the  increase  of  years,  the  rarige  of  accommo- 
dation is  diminished  and  the  vision  of  near  objects  is  interfered  with. 

From  this  definition  it  appears,  that  Pr  is  really  included  in  the 
diminution  of  the  range  of  accommodation  dependent  on  advancing 
years.  Still  Pr  is  the  normal  quality  of  the  normal,  emmetropic 
eye  in  advanced  age.  It  is,  therefore,  properly  speaking,  no  more 
an  anomaly  than  are  grey  hairs  or  wrinkling  of  the  skin.  Were  it 
an  anomaly,  it  should  be  much  less  one  of  refraction  than  of  accom- 
modation. 

But  where  are  we  to  place  the  commencement  of  presbyopia  ? 
If  we  consult  the  line  pp  of  Fig.  106,  representing  the  emme- 
tropic eye  at  different  times  of  life,  it  appears  that,  from  youth  up  to 
extreme  old  age,  p  removes  with  tolerable  regularity  more  and  more 
from  the  eye,  and  that,  consequently,  the  vision  of  near  objects 
becomes  progressively  more  and  more  difficult.  A  stop  in  the  line 
is  nowhere  observed. 

Hence  it  follows,  that  in  fixing  a  limit  of  Pr,  we  cannot 
avoid  being  arbitrary.     In  the  eye  itself,  no  reason  is  to  be  found. 
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making  a  definite  distinctioii  between  presbyopic  and  non-prefi- 
opic.     Now,  if  the  boundary  be  artificial,  it  must  be  conventioDal. 
This,  however,  lemU  U8  to  the  question,  whether  it  is  necessary 
to  speak  of  Pt,  and  whether  we  should  not  rather  confine  ourselves 

ko  fi:xing  ^>  in  connexion  with  the  degree  of  M  or  of  H,  where  these 

ke  found.     Undoubtedly  this  mode  would  be  scientifically  satis- 
■ftctory.     Nevertheless  we  should,  in  my  opinion,  meet  with  but 
^ttle  response,  were  we  to  get  rid  of  so  generally  known  and  ex- 
tensively employed  a  word,     I  believe  also  that  by  so  doing  we 
should  confer   no  favour  npon  practice.     In   practice,  a  word  is 
required,  which  may  indicate  the  condition  in  which  the  eye,  at  an 
^^^kiced  period  of  life,  mu^t,  for  ordinary  close  work,  use  positive 
PlStacle^,  and  this  word  {^presbyopia. 

However,  with  all  this  the  commencement  of  Pr  is  not  yet  de- 
fined.    That  tliis  must  be  done,  is  evident. 

Our  social  condition  requires  that  we  should  often  be  engaged  in 
reading,  writings  or  other  close  work.  It  is  plain  that  the  average 
Magnitude  of  the  forms  employed  in  such  work,  is  closely  connected 
Irith  the  accuracy  of  the  power  of  vision,  and  with  the  distauce  of 
istinct  vision  for  the  normal  eye.  The  same  is  true  of  the  pro- 
uctions  of  art  and  of  a  number  of  trades.  What  the  human 
rye,  in  the  full  power  of  life  can  do,  has  in  general  aflonled  the 
itandard  for  this.  Before  the  general  application  of  spectacles  the 
Itandard  was  undoubtedly  different.  If  these  instruments  were 
lo  longer  to  be  obtained  by  all,  a  larger  type  in  general  should 
leplace  that  at  present  in  use.  The  common  employment  of 
Ipectacles  has,  therefore,  exercised  an  influence  on  the  limits  of 
Kstinct  vision,  with  which  we  must  allow  presbyopia  to  commence. 
The  changeablcness  of  these  limits  thus  appears  most  prominently. 
We  have  to  investigate  how  long  the  eye  fulfils  the  requirements 
rf  the  assumed  standard.  Even  in  the  thirtieth  year  the  normal 
rye  dislikes  the  small  print,  which  the  near-sighted  person  prefers 
md  youth  docs  not  avoid.  Still,  in  the  fortieth  year  ordinary  type 
Kreaents  no  difficulty  whatever  to  the  emmetropic  eye.  In  the 
)rty-fifth  year  the  notes,  printed  in  smaller  characters,  are  not  un- 
•equently  passed  over,  and  the  book  is  in  the  evening  probably 
iraewhat  earlier  laid  aside.  We  now  soon  begin  to  observe,  that 
Q  object,  to  be  very  accurately  seen,  is  removed  a  httle  further 
om  the  eye ;  a  clear  light  is  also  sought,  rather  for  the  purpose  of 
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diminishing  the  circles  of  diffusion^  in  imperfect  accommodation^ 
by  narrowing  the  pupil^  than  of  obtaining  more  brilliantly  illumi- 
nated imoges.  Ordinary  occupations  are,  however,  even  in  the 
evening,  p^ill  performed  uninterruptedly  without  remarkable  exer- 
tion. But  where  minute  matters,  which  now  and  then  occur,  are 
to  be  accurately  seen,  comes  the  complaint,  however  unwillingly, 
from  the  lips,  that  our  eyes  are  no  longer  what  they  were.  The 
binocular  nearest  point  p^  now  often  lies  at  about  8"  from  the 
eye.  At  this  point  I  have  already  placed  the  commencement  of 
presbyopia.  I  thiuk  too  that  I  must  now  keep  to  it.  In  the 
following  ^  however,  we  shall  see,  that  this  does  not  always,  and 
indeed  not  even  in  general,  involve  the  use  of  spectacles. 

If  we  have  agreed  upon  a  definite  distance  as  the  commencement 
of  Pr,  this  may  serve  also  to  fix  the  degree  of  the  presbyopia.  This 
is  done  in  a  very  simple  manner.  If,  that  is  to  say,  p^  be  situated  at 
n  Parisian  inches  from  the  eye,  then,  assuming  the  above  men- 
tioned limit,   Pr  =  -    —   — .   Thus,  if  p^  lie  at  16   inches,   Pr 

=  8  ~  re  =  16  ^  '^^''  "^  ^^  ^^'^  ^^  ""  8  "  24  "  T2-  ^^^  ^^^ 

dasses  of  about  ^  —  -are  required,  and,  in   the  examples  given, 

^  o        u 

glasses  of  —  and  ~   to  bring  p.^^  to  8",  and  so  to  neutralise  the 

presbyopia.  I  say,  about,  for  with  the  increased  convergence,  j^a  has 
somewhat  approached  the  eye.  But  as,  however,  in  presbyopia,  the 
relative  ranges  of  accommodation  have  approached  much  more  to 
those  of  hypermetropia  (Compare  p.  126,  Fig.  64),  we  may  usually 
le^ve  this  out  of  the  calculation.  To  be  quite  accurate,  we  should 
be  able  to  determine  the  degree  of  Pr  from  the  glass,  with  which, 
by  mejins  of  direct  experiment,  p^  is  brought  to  8'.  But,  it  will 
be  seen  still  more  precisely  in  the  following  §,  that  the  determina- 
tion of  the  degree  of  Pr  possesses  only  a  subordinate  value,  on  the 
one  hand,  because  the  commencement  of  Pr  is  conventional,  on  the 
other,  because  the  accommodation  complicates  the  condition,  and 
this,  as  well  as  the  accuracy  of  vision,  influences  the  practical 
application :  we  should,  therefore,  take  care  to  attach  to  the  det^er- 
mination  of  the  degree  of  Pr  the  great  importance,  wliich  is  con- 
nected with  that  of  the  degree  of  M  and  of  H. 

Thus  far  we  have  treated  exclusively  of  the  Pr  of  the  emmetropic 
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eye.  But  the  hypemietropic  and  the  myopic  eye  are  also  suhject  to  the 
same.  The  first  must  be  called  presbyopic,  m  soon  as  in  the  use  of 
glassesj  which  neutralise  the  H,  />,  lies  farther  from  the  eye  than  8\ 
As  to  myopics,  wc  hold  t.o  the  delinition  given  of  Pr,  and  therefore 
let  this  first  coininence,  when  the  distance  of  //^  aniomils  to  more 
than  8*.  Hence  it  ibllows  that  it  is  only  to  the  slight  degrees  of  M, 
that  Pr  in  the  ordinary  sense  of  the  word,  can  belong,  that  with  M 

^  ^  it  is  almost  impossible^  even  wilh  total  loss  of  the  power  of 

>mmodation.  To  this  we  must  add,  that  in  the  slight  degrees  of 
tt  it  occurs  much  later  than  in  the  emmetropic  eye.  Herein  the 
myopic  finds  a  compensation  for  what  lie  loses,  with  reference  to  the 
vision  of  remote  objects.  The  advantage  is  not  small.  Up  to  the 
sixtieth  or  even  the  seventieth  year  of  our  age^  not  to  need  spec- 
tacles, in  order  to  see  accurately  whatever  comes  immediately  under 
onr  eyes,  is  a  great  privilege*    This  privilege  belongs  to  a  M  of  from 

10 

dangers.  With  sUghter  degrees  of  M  a  good  deal  of  this  privilege 
is  still  enjoyed.  This  is  a  condition  which  may  ivell  be  envied  by 
emmetropic  eyes,  I  never  found  a  normal  eye  which  participated 
iu  the  same  advantage.  Many  persons,  however,  su])pose  that  they 
are  so  highly  privileged.  Almost  daily  it  occurs  that  at  fifty-five 
years  of  age  the  distance  o(  p^  lies  at  only  from  8'  to  10',  and 
speciaclea  are  not  yet  thought  of.  Such  people  consider  themselves  a 
Iticky  ejcception.  They  are  extremely  proud  of  their  sliarp  sight.  The 
inquiry  whether  they  are  near-sighted  is  answered  in  the  negative  with 
a  smde  of  self-complacency.  At  a  distance  of  twenty  feet  hang  Sncllen^s 
letter- tests  :  XX  and  XXX  they  do  not  recognise,  XL  not  at  all, 
or  scarcely ;  L  and  LX  are  the  first  which  are  easily  recognisable  to 


v;.  to  — ,  in  which  degree  the  eye  is  not  threatened  with  any  special 


them. 


1 


1 


Not  until  they  try  glasses  of  —  ^Tj  ^^  ~  ^^^  ^^^^  ^'^" 

listinguish  XX,  or  at  least  XX  X,  with  accurate  contours.  Beluct- 
antly  they  acknowledge  themselves  beaten.  They  are  consequently 
somewhat  myopic  I  It  is  true  they  had  always  attached  a  wholly 
diferent  meaning  to  the  idea  of  M.  For  the  oculist  it  is,  however, 
important  to  have  proved  the  existence  of  this  slight  degree  of  M. 
Ue  lejiTus  from  it  to  recognise  the  unchangeable,  the  legitimate 
Qount  of  the  range  of  accomraotlation  attached  to  each  period  of 
life,  and  he  can  sometimes  also  turn  this  knowledge  to  his  advan- 
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tage.  Thus  when  we  inquire  into  the  hereditaiy  natoie  of  H*  ill 
existence  in  the  parents  is  often  denied,  yet  almost  in  the  same  1m& 
it  is  added,  as  a  proof  of  their  excellent  sight,  that  up  to  thdr 
fiftieth  year,  nay  even  longer,  they  still  read  and  wrote  in  the  eveni 
without  spectacles,  and — we  know  what  inference  is  to  be  diavB. 
If,  on  the  other  hand,  a  person  comes  to  us,  who  in  order  to  conthiBB 
his  close  work,  in  his  thirty-fifth  or  fortieth  year  evidently  has  need 
of  positive  spectacles,  we  shall  almost  always  find,  that  a  digkt 
degree  of  H  lurks  in  him.  If  its  degree  were  somewhat  greater, 
the  difficulty  would  have  earlier  manifested  itself  more  diatinetly, 
under  the  character  of  asthenopia. 

The  more  I  investigate  the  subject,  the  more  fully  I  am  convinoedt 
that  at  a  given  time  of  life  the  range  of  accommodation  is  aa 
abnost  law-determined  quantity.  If  there  are  no  £avourabIe  excep- 
tions, the  unfavourable  are  connected  with  definite  defects^  the  com- 
mencement of  cataract  or  glaucoma  simplex,"*^  exhausting  diseases,  and 
paresis  of  accommodation.  Of  this  we  shall  treat  from  a  dioical 
point  of  view,  in  the  following  Section. 


NOTE  TO  §  17. 

Afl  was  above  remarked,  an  eye,  affected  in  a  higher  degree  by  myopia, 
oan  never  become  presbyopio.  It  loses  with  the  advance  of  years  in  range 
of  acoommodation ;  the  nearest  point  recedes,  and  this  may  be  the  case  even 
with  the  farthest  point ;  the  physical  changes  which  therewith  go  hand  in 
hand  in  the  myopic  eye,  are  similar  to  those  of  other  eyes.  Bat  presbyopia 
never  arises  :  p^  does  not  remove  to  more  than  8'  from  the  eye.  Hence  ap- 
pears anew  the  arbitrary,  the  conventional  nature  of  the  idea  of  presbyopia. 
At  first  I  was  inclined  to  attach  a  more  extensive  meaning  to  the  word  pres- 
byopia. I  wished  to  express  by  it  the  senile  change  affecting  every  eye.  "  The 
change," thus  1  reasoned,  ''indicated  by  definite  anatomical  properties, ocean 
in  every  eye  without  distinction.  It  gives  rise  to  disturbance  in  vision,  and, 
indeed,  in  each  form  of  the  eye,  to  one  and  the  same  disturbance,  namely, 
that  the  eye,  whether  unaided,  or  furnished  with  definite  glasses,  cannot,  at 
will,  distinguish  accurately  at  a  great  distance  and  close  at  hand.  This  dis- 
turbance, peculiar  to  old  age,  deserves  the  name  of  presbyopia" 

From  the  scientific  point  of  view  this  reasoning  is  perfectly  correct 

*  See,  on  the  meaning  of  Olaucoma  Simplex ^  Bowman,  in  the  BritUh 
Me'dicalJoumaly  October  11,  1862. 
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Only  BO  long  as  presbyopia  was  opposed  to  myopia,  this  extensive  signifioa- 
Ibn  ooold  not  be  applied  to  the  former  term;  indeed,  so  long  myopia 
moat  exolade  presbyopia,  and  in  old  myopic  individuals,  whatever  degree 
fta  senile  change  may  have  attained,  the  term  presbyopia  could  not  be  ap- 
fBed.  But  now  that  this  opposition  has  ceased,  we  readily  see  that  the 
Hyopio  eye  also  may  become  presbyopic;  and  the  idea  of  expressing  the 
Moile  change  with  diminished  range  of  accommodation  in  every  eye,  without 
distinction,  by  the  word  presbyopia,  occurs  spontaneously  to  our  mind. 
Koreover,  its  etymology  is  in  favour  of  applying  a  more  extensive  meaning 
to  the  word  presbyopia;  indeed,  since  farsightedness  occurs  generally  in 
old  people,  it  has  been  called  presbyopia ;  still  more  correctly  should  the 
latter  term  be  connected  with  the  state  which  is  inseparable  from  advanced 
years. 

On  the  other  hand :  verba  valent  u«ti.  This  has,  finally,  weighed  more 
with  me  than  the  demands  of  logic  and  of  etymology.  I  considered  that 
practice  has  need  of  a  word  to  signify,  that  without  optical  assistance  ordi- 
nary dose  occupations  can  with  difficulty  be  carried  on,  and  I  should  be 
unwilling  to  propose  another  word  to  designate  this  condition.  I  have 
therefore  retained  the  word  presbyopia  in  its  ancient  signification.  Only 
the  idea  was  refined.  Strictly  was  everything  eliminated  from  it  which 
belongs  to  hypermetropia  or  paralysis ;  the  senile  change,  with  diminution 
of  aooommodation,  was  assumed  as  an  essential  requisite,  and  it  was  not 
difficult  from  this  point  of  view  to  fix  the  limits  of  the  application  of  the 
word  presbyopia  also  to  myopic  and  hypermetropic  eyes. 


§  18.  Treatment  op  Pebsbyopia. 

Diminution  of  the  power  of  accommodation  leads,  as  we  have 
seen,  to  presbyopia.  To  this,  at  a  certain  time  of  life,  the  emme- 
tropic eye  is  inevitably  liable.  In  youth  it  sees  small  objects,  by 
preference  and  without  perceptible  tension,  at  a  distance  of  about  six 
inches.  At  a  later  period  this  distance  becomes  greater,  in  spite  of 
powerful  effort,  in  spite  of  more  advantageous  management  of  the  still 
existing  accommodation,  even  at  relatively  less  convergence.  Thus  the 
time  approaches  that  close  reading  and  working  are  attended  with 
difficulty.  Presbyopia  thus  announces  itself.  Seldom  do  we  hear  at 
the  same  time  that  work  fatigues.  The  complaint  is  rather  that  vision 
is  not  accurate :  the  letters  n  and  u  are  not  easily  distinguished ;  the 
numbers  3, 5,  and  8  are  confounded ;  a  stroke  is  seen  double,  a  point 
sometimes  multiple,  etc.  If  we  place  small  print  in  the  hand  of 
such  %  presbyopic  person,  he  begins  by  holding  the  book  too  dose 


21 G 


TREATMENT  OF  PRESBYOPIA. 


to  his  eye,  and  does  not  distinguish ;  he  sahsequently  very  pathc 
gnotnonically  moves  the  book  foin'ards  and  the  head  backward^, 
seeks  a  bright  Hglitj  and  —  reads.     The  bright  h'ght  is  a  princip« 
point,  not  so  much  because   the   retinal   images  are   by  it  moi 
strongly  illuminaied,  but  because  the  pupil  contracts,  the  circles 
di/rusion   therefore   become   smaUer,   and   the   retinal   images  lesij 
diffused.      ThereforCj  also  the  individual  first  perceives  some  diffi-f 
culty  in  twilight,  unless  it  be  particularly  strong.      Inconvenience  ; 
would  have  arisen  even  earlier,  if  the  diminution  of  accommodatioa^ 
had  not  been  accompanied  with  diminution  of  tbe  diameter  of  th 
pupil.     Thus  also  the  small  pupil  of  the  old  man  makes  the  loss  < 
the  power  of  accommodation  lighter  to  him :  to  this  he  is  indebiedj 
for  the  fact  that,  even  at  distances  for  which  he  is  not  accurately 
accommodated,  he  still  distinguishes  tolerably  well.      In  full  dayJ 
light,  in  the  open  air,  a  person  can  often,  even  in  advanced  pres-l 
byopia,  read  ordinary  type,  and  this  always  succeeds  on  looking 
through   a   smdl   opening.      But    much   earlier,    even   before   tbq 
presbyopia  manifc^t^  any  disturbing  influence^  the  small  pupil  is  ( 
importance,  because  in  reading  and  writing  the  accommodation  even 
then  leaves  something  to  be  desired.      To  this  I  would  expressl| 
direct  attention.     The  fact  is  signiiicant,  because  hence  it  followi/ 
that  in  commencing  presbyoj>ia  convex  glasses  are  useful  less  by 
f'orrecting  the  accommodation,  than  by  increasing  the  sharpness  i 
the  retinal  images.     The  eye  already  put^  its  accommodation  rathe 
strongly  upon  the  stretch  (still  more  powerful  tension  has  uo  pp 
portionate  effect)  without  any  liinderance  or  fatigue  whatever.    Aide 
by  weak  glasses,  the  eye  continues  the  tension  almost  in  the  san 
manner.      The  result   is   therefore,  that  the  eye  now  sees   more 
nccurately :    the  letters  become   black,    confusion   ceases,   and   tl 
person  rejoices  in  a  distinctness  of  vision,  of  which  he  had  almc 
lost  the  idea. 

The  correction  f  b^  means  of  positive  glasses,  in  He  ecmmencemeni  i 
the  effort,  of  diminished  aecnrae^  of  vision  of  near  objects,  is 
ckaracteristic  mark  of  prcsb/opia. 

From  this,  it  may  be  stated  in  one  word,  the  vision  of  hyper? 
metropics  is  evidently  distinguished.     These  obtain  perfect  accuracy 
of  sights  but  only  at  the  cost  of  so  great  a  tension  as  they  arc  not  abl" 
to  maintain,  and  therefore  they  obtain  it  only  for  a  short  time ;  weac 
ness  of  accomniodation  (asthenopia)  ensues.      In  the  hypermutrop 
individual  convex  glasses  aid  the  accommodation,  m  the  presbyoui| 
they  at  first  rather  increase  the  sharpness  of  the  retinal  images* 
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So  soon  aSy  by  diminution  of  accommodation,  in  ordinary  work 
the  required  accuracy  of  vision  begins  to  fail,  there  is  need  of  convex 

glasses.     The  test  is,  that  with  weak  glasses  of  from  ^  to  7^,  at  the 

same  distance  as  without  glasses,  the  accuracy  of  vision  is  manifestly 
improved.  The  opinion  is  rather  general  that  we  should  refrain 
as  long  as  possible  from  the  use  of  convex  glasses.  But  is  it  not 
folly  to  weary  the  eyes  and  the  mind  together,  without  any  necessity, 
condemning  ourselves  to  guess  with  much  trouble  at  the  forms, 
which  we  coidd  see  pretty  well  with  glasses  ?  We  have  here  to  do 
with  a  prejudice  which  perhaps  finds  some  support  in  vanity.  It  is 
asserted  :  practice,  of  accommodation  is  desirable.  Generally  speak- 
ing, this  is  perfectly  true.  To  look  alternately  at  distant  and  at 
near  objects,  now  to  occupy  one's  self  with  smaller,  now  with  larger 
objects,  developes  and  maintains  the  functions  of  the  eye.  But  we 
forget  that  we  were  obliged  to  practise  more  and  more,  as  years  have 
rolled  on,  and  that  by  these  efforts,  increasingly  necessitated  by 
the  diminishing  range  of  accommodation,  the  power  of  using,  with 
moderate  convei^nce,  a  great  part  of  the  latter  has  already  been 
acquired.  The  annexed  Figures,  108  of  a  man  of  four-and-thirty 
(Dr.  Doyer),  109  of  a  man  of  four-and-forty  (myself),  110  of  an 
emmetropic  person  aged  sixty,  compared  with  that  of  a  person  of  fifteen 
(Fig.  Ill)   demonstrate  this   most   evidently.     And  is  it  not  a 
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taining  the  degree  of  convexity  required.     This  must,  however,  be 
tried  here.     It  is  well  known,  that  at  first,  while  as  yet  scarcely  any 

disturbance  has  manifested  itself,  glasses  of  about  ^  are  usuaDy 

sufficient,  and  also  that,  in  proportion  as  the  time  of  life  advances 
and  the  range  of  accommodation  diminishes,  stronger  and  stronger 
glasses  are  required.  It  was  therefore  natural  to  arrange  convex 
glasses  according  to  the  time  of  life  at  which  they  become  necessary. 
This  old  custom  has  been  ridiculed,  and  in  some  degree  with  justice. 
It  is  true  that  eyes  differ  too  much,  to  make  age  alone  the  criterion 
in  the  choice  of  spectacles.  But,  on  the  other  hand,  the  regular 
diminution  of  the  range  of  accommodation,  abmdy  pointed  out  (§ 
17)  shows,  that,  in  the  case  of  emmetropic  eyes,  the  time  of  life 
may  in  general  be  taken  as  a  guide.  Only,  the  many  circumstances 
which  modify  the  indication  furnished  by  the  time  of  life,  are  not  to 
be  neglected.  Besides  ametropia,  which  occupies  the  first  place,  dimi- 
nished acuteness  of  vision  and  morbid  disturbance  of  accommodation 
are  to  be  noted,  while,  moreover,  the  nature  of  the  work  to  be  per- 
formed has  some  influence.  Of  these  circumstances  we  intend  to  speak 
from  a  clinical  point  of  view.  But,  in  order  to  fulfil  a  practical  object, 
we  shall  premise  the  empirical  result :  what  glasses  are  required  at 
different  ages  in  emmetropia,  with  normal  acuteness  of  vision  and 
accommodation,  for  writing,  and  for  reading  ordinary  type. 
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This  table  needs,  perhaps,  some  explanation.     Column  b  gives 
the  glasses  required  for  E,  proved  at  the  moment;  c  for  E  in  youth. 
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int]  (ierefore  for  H  a^iquisita  at  the  time  of  observation ;  in  both  cases' 

the  diminished  acuteness  of  vision  belonging  to  the  time  of  life  is 

taken  into  accounf.;  Vindicates  the  distance  which  h  preferred  for 

vision  with  the^r  glasses;  e,  6Bally,  the  space  through  which  tlie)'  admit 

f  of  iicQte  vision,  that  is,  from  Ks  with  the  least,  to  Ps  with  the  greatest 

convergence  (-r'=w~iT]'    I^  general  it  should  be  observed, 

thi  it  is  desirable  to  ascend  but  slowly  with  the  numbers,  to  use 
the  first  spectacles  in  the  beginning,  only  in  the  evening,  and  to  keep 
fiiese  for  day  spectacles,  so  soon  as  8trong€T  glasses  are  required 
for  the  evening,  and  thus,  every  time  that  stronger  glasses  are 
required,  to  continue  using  the  foirner  evening  spectacles  as  day 
spectacles— finally,  that,  while  stronger  glasses  are  necessary  for  read- 
ing, the  weaker  are  often  sufficient  for  writing,  and  are  to  be  preferred, 
since  the  person  we^iring  thera,  being  enabled  to  see  at  a  greater 
distance,  can  avoid  the  bent  position,  which  is  so  injurious  to  the  eyes. 
The  above  table  holds  good  for  emmetropic  individuals.  If 
ametropia  be  present,  it  must  be  taken  into  account.  Therefore 
always,  without  exception,  we  should  begin  by  determining  the 
refraction^  and  at  the  same  time  S,  according  to  the  method  described 
above  (§  9).  With  sufficient  practice,  this  requires  only  a  couple 
of  minuter.  The  result  obtained  supplies  the  preliminary  indication, 
wbicli  must  then  always  be  subjected  to  tlie  control  test.  If  the  eye 
be  emmetropic,  the  control  is  efTected  with  the  glasses  mentioned 
above  in  column  6;  we  ascertain,  at  what  distance  2  and  2^  are 

1 
eiidly  and  by  preference  read,  and  we  determine  the  space  of  ^   ^^y 

causing  the  patient  to  read  1  or  1^  as  close  as  possible,  and  larger 
type  as  far  as  possible.  If  we  now  obtain  about  the  results  to  be 
found  under  d  and  e  of  the  table,  the  glasses  will  usually  answer.  If 
the  distance  be  too  short,  the  margin  for  distinct  vision  too  small  and 

aght  too  near  the  eye,  we  must  try  weaker,  and  in  the  opposite 
',  somewhat  stronger  ghxsse?. 

If  we  find  U,  both  this  and  the  Pr  must  be  corrected.     Let,  at 


Tase, 


62  years  of  age,  H  be  found  ==  —  glasses  of  —   ^  yj 


1 
=  ^  arei 


indicated.      H  =    -~-  at,   55  years   of  age,   indicates  glasses  of 
Just  as  in  E,  we  must  then  in  this  cnse 
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also  further  test^  whether  the  glasses  indicated  aie  actually  safficaBDi 
It  will  be  easily  understood  that  the  role  here  given  for  hjpo- 
metropic  individuals,  is  applicable  only  to  older  hypermetropo^ 
that  is  to  those  who,  when  the  H  is  neutralised,  aie  presbyopic  It 
is  in  great  part  H  acquisita  we  have  here  to  deal  with;  however, 
also  when  H  originally  existed,  the  rule  described  is  folly  applicabk^ 
provided  the  time  of  life  have  reached  nearly  fifty  years,  and,  there- 
fore, the  range  of  accommodation,  and  especially  the  latent  part  of 
the  H,  be  reduced.  If  H  originally  existed,  we  usually  find— il 
least  thus  far  I  have  found  it  so — that  at  a  later  period  the  eye  hu 
continued  to  employ  too  weak  glasses.  In  a  couple  of  trials  we  thea 
reach  the  required  strength.  What  glasses,  under  different  dream- 
stances,  young  hypermetropics  need,  shall  be  treated  of  in  the  Ghapte 
on  H. 

How  far  Pr  is  compatible  with  M,  we  have  seen  above  (p.  215). 

If  M  >  — ,    Pr    is,  per  se,   excluded ;    but    in    slight  dq;ree8 

o 

of  M  it  occurs  at  a  later  period.  From  the  forgoing  taUe 
it  appears   that    in    emmetropic    persons  up    to   the    5dth   year 

glasses  of  ^^,  up  to  the  60th  year  glasses  of  — -  are  suffi- 
cient, etc.     Now,  if  M.  of  —  ,  of  - ,  etc.,  exists,  the  necessity  of 

spectacles  will  be  thought  of  first  in  the  55th  and  60th  years 
respectively :  indeed  the  glasses  sufficient  for  these  ages  com- 
municate to  the  eye  in  emmetropic  individuals  the  degrees  of  M  just 
mentioned.  Now  where  the  myopia  does  not  wholly  compensate  the 
more  advanced  time  of  life,  it  must  in  each  case  be  subtracted.     If, 

for  example,  at  65  M  =  —  exists,  we  shall,  in  place  of  glasses  of 
=— ,  as  in  emmetropic  persons,  find  classes  ot  -z^   —  -r^  ^  -—  or 

--  sufficient.     Generally  speaking,  I  have  found  that  myopics  re- 

quire  convex  glasses  at  a  still  later  period  tlian  the  degree  of  M 
sliould  have  led  me  to  expect,  and  that  the  glasses  required  for 
emmetropics  admit  of  a  still  greater  reduction  than  that  indicated 
by  the  degree  of  myopia.     In  the  above  example,  we  shaU  often 

have  to  give  glasses,  not  of  ^>  but  only  of   ^^-r.     The  reason  is, 

*U  oO 
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fbat,  on  the  one  hand^  in  persons  looked  npon  as  emmetropic,  a 
tnoe  of  latent  H  easily  occurs,  while,  on  the  other,  the  limited 

distance  (for  example,  20  feet,  representing  ^^  j,  at  which  the  de- 

termmation  of  M  takes  place,  may  make  it  appear  somewhat  too 
alight. 

We  have  now  to  estimate  the  circumstances,  which,  both  in  ame- 
taropic  and  in  emmetropic  persons,  may  modify  the  degree  of  the 
glasses  required.     As  such  we  mentioned 

a.  A  range  of  accommodation  not  corresponding  to  the  time  of  life. 
Those  who  are  occupied  almost  the  whole  day  in  reading,  writing, 
or  other  close  work,  usually  accompany  their  demand  for  spectacles 
with  the  observation  that  their  eyes  have  certainly  suffered  much,  but 
that  they  have  also  exacted  a  great  deal  firom  them.  I  hasten  to  set 
such  people  right.  Comparative  observation  has  shown  me  that 
much  close  work  does  not  essentially  injure  the  eyes,  at  least  those 
which  are  emmetropic,  and  that  the  range  of  accommodation 
diminishes  scarcely,  if  at  all,  more  rapidly  under  such  circumstances, 
than  it  does  in  agriculturists,  sailors,  and  oUiers,  who  for  the 
most  part  look  to  distant  objects.  It  is  true  that  eyes  predis- 
posed to  M,  are,  by  much  reading  and  writing,  easily  rendered 
more  myopic,  but  these  occupations  have  no  influence  on  the  range 
of  accommodation.  The  same  is  true  of  the  frequent  use  of  the  micro- 
scope, or  of  a  magnifying  glass,  as  is  required  in  the  work  of  en- 
gravers and  watchmakers :  the  regular  course  of  -^  is  maintained 

A 

despite  of  much  or  little  tension.  But  there  are  morbid  conditions 
which  cause  the  range  of  accommodation,  and  sometimes  also  the 
amount  of  refraction,  to  diminish  more  rapidly  than  usual.  In  the 
fljrst  place,  general  debility,  the  result  of  exhausting  diseases,  is  to  be 
noted.  Premature  old  age,  in  general  also  deserves  to  be  mentioned. 
Of  the  influence  of  glaucoma  I  have  already  spoken.  If  a  person 
has  quickly  and  repeatedly  to  strengthen  his  glasses,  we  should 
suspect  the  existence  of  glaucoma  simplex,  and  accurately  examine 
the  tension  of  the  eyeball  and  other  points  connected  with  this 
affection.  The  commencement  of  cataract  also  appears  to  hasten 
presbyopia,  probably  through  more  rapid  hardening  of  the  crystal- 
line lens  interfering  with  its  mutability  of  form.  Emmetropic  per- 
sons are  then  apt  to  complain  that  they  can  no  longer  accurately 
distinguish  near  objects,  which  is  to  be  attributed  partly  to  dimi- 
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nished  S,  partly  to  more  rapidly  lessening  --,  and  they  seek  the  aid 

A. 

of  spectacles.  The  morbid  condition^  wliich  especially  interferes 
prematurely  with  the  vision  of  near  objects^  is  paresis  and  para- 
lysis of  accommodation.  This  is  not  the  place  to  enlai^  upon 
this  subject,  the  last  chapter  of  this  work  shall  be  devoted  to  it 
Let  it  at  present  suffice  to  obsen'e,  that  ordinary  paralysis  may 
occur  at  any  time  of  life^  but  more  particularly  in  youths  that  it 
usually  sets  in  suddenly,  and  that  it  is  further  characterised  by  a 
tolerably  wide,  immovable,  or  scarcely  movable  pupil :  it  is,  there- 
fore, hmlly  conceivable  that  it  could  be  confounded  with  true  pres- 
byopia. 

Now  where,  from  whatever  cause,  -j-  is  abnormally  diminished, 

stronger  glasses  are  required  than  where  -r-is  normal.     This  is 

particularly  true  of  a  comparatively  early  time  of  life;  but  at  a  more 

advanced  age  —  is  already,  independently  of  special  disturbance,  so 

reduccil,  that  its  action  in  the  convergence,  whereby  the  spectacles 
prmluce  accurate  vision,  has  scarcely  any  influence,  and  that  in  no 
case  has  binocular  vision,  with  the  use  of  the  required  convex 
glasses,  a  margin  of  any  extent.  The  knowledge  of  what 
glasses  are  necessary  follows  in  this  case,  where  we  have  not 
to  take  the  accommodation  into  account,  directly  from  the  refrac- 
tion and  from  the  distance,  at  which  we  desire  to  see.  In  order, 
for   example,   to   see   at    12'  (which   is   sufficient   with  tolerably 

good  S),  the  emmetropic  person  needs  glasses  of  ,-^;  while  with 

M  =  24  «^^^^^^  «^  12  -  24  =  24,  >  ^^^h  H  =  ^^  glasses  of  i^  + 
g .  =  ^  are  necessary.     It  is  another  question,  whether  these  may 

Ik»  used.  To  this  we  can  in  general  only  answer,  that  the  sole  diffi- 
culty is  when  the  morbid  condition  is  such  as  to  prevent  tension  of 
vibion.  In  incipient  senile  cataract  there  is  usually  no  difficulty  ;  in 
pan*Nis  of  accommodation,  tension  of  accommodation  is,  when  the 
aoiilo  period  is  past,  even  desirable,  and  this  is  very  much  promoted 
\\yi  yluHses,  whereby  the  distance  of  distinct  vision  remains  somewhat 
gn^tt^f  than  the  patient  would  wish ;  but  in  threatening  glaucoma. 
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ideMce  reqnirea  us  to  avoid  tension  of  the  eyes,  and  we  are  there- 
recommeuded  not  to  permit,  unless*  exceptionally^  the  use  of 
:tacles  with  which  the  patient  can  read  or  work  at  near  objects. 
b.  Dimiuhhed  acuieneu  of  FUicm, — The  distance  of  distinct  vision 
different  periods  of  life,  estimated  to  be  necessary,  and  therefore 
be  obtained  hy  means  of  convex  glasses,  is  in  close  connexioii 
with  S.  Consequently  with  the  increase  of  years,  to  which  diminution 
of  Sis  related,  we  find  this  distance  lessen  (compare  the  table).  Where 
morbidly  diminished  S  is  concerned,  we  can  take  this  also  into 
account  in  the  determination  of  the  glasses:  we  can  cause  the 
fetinal  images  to  become  greater  about  in  the  same  proportion  as 
the  acnteness  of  vision  diminishes.  This  is  to  be  attained  simply  by 
means  of  stronger  glasses.  Not  only  do  these  bring  the  distance  of 
distinct  vision  nearer  to  the  eye^  but  they  also  make  the  angle,  under 
which  the  object  is  seen,  increase  in  a  still  greater  ratio  than  the 
distance  diminishes  (compare  p.  152).  They  can  thys  render  ordi- 
nary dose  work  still  possible  with  diminished  S»  llie  question 
however,  is :  may  this  means  be  employed  ?     We  must  admit  that  its 

kphcation  is  liable  to  great  restrictions.  In  the  first  place,  in  acute 
leases  of  the  eye,  with  diminished  S,  all  tension  is  injurious,  and 
the  eyes  may,  in  the  hope  of  improvement,  be  allowed  to  rest.  And, 
as  to  chronic  diseases  and  defects,  even  in  these  diminished  S  cannot 
ttncouditionaUy  be  compensated  by  stronger  glasses.  In  general  it 
is  to  be  considered  that  the  limits,  within  which  compensation  is 
possible^  are  rapidly  attained  through  too  great  proximity,  and  that, 
in  proportion  as  we  approach  these  lioiits,  the  survey  of  objects 
becomes  less,  and  the  necessity  increases,  of  keeping  the  same 
distance  unchanged,  beyond,  or  short  of  which,  with  the  range 
of  accommodation  still  diminished  by  glasses  and  the  comparatively 
wide  pupil,  objects  cannot  be  properly  distinguished,  A  peculiar 
weariness,  in  consequence  thereof,  soon  makes  itself  felt.  Moreover 
the  bent  position  acts  injuriously,  which,  if  the  distance  of  distinct 
irision  is  very  short,  cannot  well  be  avoided.  Where  the  accouunoda- 
Uon  and  refraction  must  be  aided,  convex  glasses  seldom  give  any 
annoyance ;  but  where  the  acuteness  of  vision  fiiils,  we  must,  so  far 
•a  practicable,  rather  meet  the  difficulty  with  larger  objects  than 
with  larger  images,  by  abnormally  diminished  distance  of  the 
objects.  All  this,  finally,  renders  the  cases  rather  rare,  in  which 
the  annoyance  of  dimimshed  S  can  be  met  by  the  use  of  stronger 
glasses.     The  latter  is  evidently  unadvisable  in  chronic  keratitis  or 
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iritis^  and  even  in  apparent  tendency  to  inflammation ;  in  deqper- 
seated  congestive  affections  tension  is  even  to  be  considered  dangerouB. 
It  is  connected  with  the  least  inconvenience  in  chronic  opacity  of 
the  cornea^  in  uncomplicated  incipient  cataract,*^  in  congenital  am- 
bIyo])ia  from  unkuo^vn  causes^  and  finally  in  disproportionately 
rapidly  diminishing  acuteness  of  vision  in  advanced  years — senile 
amblyopia.  We  should^  under  these  circumstances,  recommend  the 
use  of  large  type,  and  in  geuerali  occupation  with  coarser  work ;  hot 
ii'  fine  work  cannot  be  avoided,  the  glasses  required  shonld  be 
streDgtheued  so  far,  that  the  desirable  de-gree  of  distinct  vision  should, 
without  too  much  effort,  be  obtained.     That  we  must  sometimes 

*  Cataract  or  opacity  of  the  lens  is  divided  into  primary  and  seoondazy: 
the  latter  is  developed  secondarily,  in  consequence  of  diseaaes  of  the  fdndoi 
oculi  (chonuiditis,  retinitis,  etc.),  extending  through  the  vitreoua  humour  to 
the  lens.  The  first  is  considered  to  arise  independently  and  primarily  in  tbA 
lens.  The  secondary  nature  of  cataract  we  may  infer,  when  the  pre- 
ceding disease  of  the  fundus  oculi  is  recognised,  or  when  the  field  of  viskn 
is  limited  or  the  power  of  vision  has  evidently  suflfered  more  than  it 
to  be  explained  by  the  obscuration.  To  look  upon  all  other  cases  u 
primary  is,  however,  an  error.  Where  the  characters,  just  mentioned,  an 
w^anting,  the  cataract  is  nevertheless  often  secondary.  I  will  go  so  far  as  to 
assert,  that  in  comparatively  young  persons  spontaneous  primary  cataraot 
very  rarely  occurs.  Often  we  con,  in  the  commencement,  establish  the  pro- 
sence  of  slight  deviations  in  the  fundus  oculi ;  not  unfrequently  also  we  find 
turbidity  of  the  vitreous  humour,  and  rarely  ore  the  phenomena  absent 
which  indicate  a  congestive  condition,  llie  primary  disturbance  need  not 
therefore  interfere  much  with  the  power  of  vision ;  especially  when  it  is 
situated  in  the  anterior  port  of  the  chorioidea,  little  or  no  inconvenience  ii 
felt  from  it.  But  that  in  many  cases  some  disturbance  of  the  function  of  the 
retina  is  connected  with  it,  is  shown  by  the  improvement  of  S,  which  is  very 
often  obtained  in  the  commencement  of  cataract,  by  therapeutic  treatment, 
— and  even  by  the  discharge  of  the  aqueous  humour,  without  the  opacity 
of  the  crystalline  lens  (it  has  been  very  ingenuously  admitted)  imdergoing 
the  least  change.  A  practical  observation  may  here  be  made  : — Through 
a  certain  charlatanoi>hobia  {sit  venia  verbo)^  which  made  charlatanism  to  be 
seen  where  it  did  not  exist,  many  have  thought  they  ought  to  refrain  from 
all  treatment  in  the  commencement  of  cataract.  Now  this  is  certainly  not 
for  the  interest  of  the  patients.  To  think  of  solution  or  diminution  of  senile 
cataract,  appears  to  mc,  from  a  physiological  point  of  view,  an  absurdity. 
Other  morbid  changes  of  the  lens  give  way  also  only  in  exceptional  cases. 
But  bearing  in  mind  the  frequent  complications,  treatment  is  here  often 
desirable,  and  hygienic  prescriptions  are  absolutely  necessary.  Therefore, 
t^K),  great  caution  is  requisite  with  reference  to  allowing  the  use  of  convex 
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rerj  short  distance,  for  the  sake  of  binocnlar  vision,  have  to 
d  with  the  difBcolties  of  convergence,  will  immediately  more 
iDy  appear. 

e.  The  miture  of  the  wari  to  he  performed. — Two  points  are  here 
D  be  distiiignished.  In  the  first  place^  the  minuteness  of  the 
bject^,  which  renders  it  necessary  that  the  work  should  be  per- 
Dimed  close  to  the  eye,  and  therefore  with  relatively  stronger 
For  some  work  even  the  young  normal  eye  is  insufficient, 
lionte  drawing,  engraving,  watch-making,  and  some  anatomical 
peration»,  require  the  constant  use  of  the  magnifying  glass.  In  other 
rork  the  eye  must  at  least,  with  normal  S,be  still  accommodated  for  the 
istance  of  from  4'  to  V,  Hence  convex  glasses  are  even  early  ueces- 
wy  to  render  jK^rmancnt  aceommodation  for  that  distance  jK)ssible. 
iat»  apart  from  its  miuuteness,  the  nature  of  the  work  smnetiines 
jquires  a  definite  distance :  in  writing  in  large  registers,  in  reading  in 
le  pulpit,  in  the  use  of  certain  musical  instruments,  it  is  ofteu  desirable 
lat  spectacles  should  bring  the  distance  of  distinct  vision  to  one  and 
khalf  or  two  feet,  and  therefore  weaker  glasses  are  necessary  than 

e  given  for  writing,  and  particularly  for  reading.     Guided   by 

lund  principles,  we  very  soon  tiud  practically  what  glasses  fultil  the 
pbject:  an  insuperable  difficulty  springs  only  from  diminished  S; 

Ih  this,  as  shall  hereafter  appear,  we  have  to  contend  most  in  the 

se  of  M, 

I  have  thus,  I  think,  laid  down  the  principal  points  whicij  umsb 

iide  us  in  the  choice  of  spectaclci*  for  presbyopic  persons.     8ome 
ibservutions  on  the  form  of  these  auxiliary  glasses  nm)'  here  not  be 

[t  of  place.  In  general,  oval  glasses  in  a  frame,  with  wings  resting 
n  the  ears,  placed  at  a  certain  inclination,  so  that  in  work  the  axes 
if  the  glasses  coincide  nearly  with  the  axe^  of  vision,  are  to  be  pre- 
^fhe  nasal  portion  should  have  such  a  form,  that  in  looking 

a  distance,  in  the  horizontal  direction,  the  person  wearing  the 
itacles  should  be  able  to  look  over  the  glasses ;  and  if  this  should 
attended  with  any  diiBculty,  the  rings  might  be  flattened  above 
he  pantoscopic  spectacles  of  Smee).  Some^en,  from  habit,  \iish 
r  round  glasses,  which  we  may  safely  allow  :  they  arc  usuaUy 
jdj  quiet  men,  who,  when  they  desire  to  look  at  distant  objects, 
imply  take  otf  their  spectacles.  Others  are  not  at  all  content  with 
poking,  thus  unaided,  at  distant  objects  over  their  sp(*ctacles;  they 
irefer,   as  hypermetropics,  wearing  spectacles  insufficient  to  read 

th,  and  they  do  not  see  accurately  over  their  reading-glasses;  or 
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thej  have  at  the  same  time  M  and  Pr,  and  desire  with  rapid  alterna- 
tion to  read  through  their  spectacles,  and  to  see  distant  objecta^ 
whether  in  their  oi&ce,  or  as  teachers  in  a  school,  or  in  the  theatre, 
or  elsewhere.  This  wish  may  be  gratified  by  means  of  glasses 
i  double  foyer.  With  these  some  express  themselves  satisfied; 
in  the  case  of  others,  rays  fall  at  the  same  time  through  both  sor- 
faces  of  curvature  upon  the  eye,  and  these  give  them  up  again.  I 
found  these  glasses  most  satisfactory  for  presbyopic  painters,  who 
require  to  look  through  the  upper  half,  at  a  certain  distance,  at 
persons  or  at  nature,  while  the  lower  half  is  to  bring  the  distaoee 
of  distinct  vision  on  the  canvass  or  on  the  paper.  White  Cooper* 
states,  that  Sir  Joshua  Beynolds  was  much  in  the  habit  of  using 
such  glasses  when  painting  his  inimitable  portraits. 

The  stronger  the  glasses  are,  the  more  attention  must  be  paid  to  their 
mutual  distance.  Great  accuracy  is  seldom  required  either  in  Pr — 
where  somewhat  more  or  less  convergence  of  the  visual  lines  has  so 
little  influence  on  the  accommodation — or  in  youthful  range  of  accom- 
modation, which  leaves  a  proportional  space  for  the  binocular.  There- 
fore, it  is  usually  sufficient  to  mention  to  the  optician  only  when 
either  a  particularly  great  or  a  particularly  short  distance  of  the 
glass-bearing  rings  is  necessary,  and  in  the  absence  of  such  direction 
to  let  the  medium  be  used;  in  giving  directions,  let  it  be  borne 
in  mind  that  the  less  the  distance  for  which  the  glasses  are  to  be 
used,  the  closer  they  must  be  to  one  another.  Sut,  so  soon  as 
insufficiency  of  the  internal  or  external  recti  muscles  in  binocular 
vision  threatens  to  give  rise  to  muscular  asthenopia,  it  is  of  impor- 
tance that  the  mutual  distance  of  the  glasses  should  not  aggravate 
this,  but  should  rather  counteract  it.  Now,  less  convergence  of  the 
visual  lines  is  required  when  convex  glasses  are  placed  nearer  to  one 
another,  and  concave  further  from  one  another,  and  vice  vernd. 
If,  therefore,  the  internal  recti  muscles  are  insufficient,  we  should 
take  care  that  the  axes  of  the  convex  glasses  are  closer  to  one 
another  than  the  visual  lines ;  in  this  manner  we  can,  where  strongly 
convex  glasses  are  necessary,  very  much  assist  the  internal  musdes, 
and  the  images  obtained  are  not  perceptibly  worse  than  those  we 
get  with  a  similar  effect  through  prismatic  glasses.  Whether 
spherical  glasses  alone  are  sufficient,  and  how  great  their  mutual 
distance  must  be,  we  can  ascertain  best  with  the  frame  of  v.  Jaeger 
(compare  p.  97).  If  they  are  insufficient,  we  should  give  the  com- 
•  On  Near  Sight,  etc,    London,  1853,  p.  201. 


tiou8  with  prismatic  glasses,  or  perform  tenotomy  according  to 
indications  laid  down  by  von  Graefe.*"     Nearly  always,  where 
mgly   convex   glasses   are   required    to    make    binocular   vision 
issible  at  a  short  distance,  it  is  desirable^  by  placing  the  glasses 
comparatively  near  one  another^  to  assist  the  internal  recti  muscles 
of  the  eye.     Where  very  short  distances  are  concerned,  ihn  dmecl- 
ing  apect^tch^,  constructed  and  recommended  by  Braecke^f   with 
convex  prismatic  glasses^  come  into  operation.     Besides  the  spec- 
es,  two  kinds  of  lorgnettes  are  in  use.     Those  ordinarily  em- 
ioyed  by  ladies,  where  the  glasses  are  at  a  fixed    distance,   are 
attended  with  no  inconvenience  when  it  is  necessary  to  look  for  a 
Oft  time,  or  to  do  anything  for  which  both  hands  are  not  required, 
>r  one  is  occupied  in  holding  the  glass.     But,  for  constant  use,  we 
iOtild  at  the  same  time  give  a  pair  of  spectacles.     The  glasses  of 
le  lorgnette  may  be  somewhat  stronger;    during  the  short  time 
jy  are  used,  no  injury  is  experienced,  and  the  advantage  is  gained 
of  being  able,  when  necessary,  to  distinguish  smaller  things.     In 
le  so-called  nipping  spectacles,  used  particularly  by  gentlemen,  the 
ice  of  the  glasses,  determined  by  the  thickne-ss  of  the  nose,  is 
usually  too  short.     Therefore,  if  the  glasses  are  strong,  the  person 
wearing  them  sees  with  too  slight  convergence,  unless  the  short 
distance  of  the  rings  be  compensated  by  the  axes  being  placed  to  the 
outside  of  the  centre. 

Beading-glasses,  which  magnify  the  visual  angle,  and  are  thus  in 

some  caaes  useful,  give  at  the  same  time  to  the  rays  proceeding  from 

a  point  a  direction,  as  if  they  proceeded  from  a  more  remote  point. 

Myopics  can  therefore  make  use  of  reading-glasses  only  when  they 

come  nearer  to  the  object  than  the  distance  at  which  their  farthest 

point  lies.     The  recession  of  the  objects  increases  with  the  increase 

of  the  distance  between  object  and  glass.     So  soon  as  the  distance 

is  equal  to  the  focal  distance  of  the  glass,  the  mys  proceed  in  a 

^^araUt'l  direction,  and  the  object  appears  to  be  at  an  infinite  distance. 

^Blius  far  therefore  emmetropics  can,  provided  the  accommodation  be 

^Bkotally  relaxed,  see  throngh  the  reading-glass,  and  thus  attain  the 

Tiighest  degree  of  magnifying  power ,-  simple  presbyopics,  who  put 

P their  accommodation  little  upon  the  stretch,  always  keep  the  glass 
nearly  at  this  distance,  because  they  soon  see  less  accurately  when 
the  glass  approaches  the  object.     At  what  distance  the  eye  is  from 

•  Archk\  B.  viii.,  Abtli.  2. 
Archiv.  B, 
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the  glass,  is  of  little  consequence :  only  the  field  of  vision  becomes 
less,  in  proportion  as  the  eye  removes.  If  the  distance  between  the 
object  and  the  reading-glass  becomes  greater  than  the  focal  distance 
of  this  last,  the  rays  fall  convergingly  into  the  eye^  and  it  is  in  this 
manner  that  hypermetropics,  and  especially  hypermetropic  pres- 
byopics, make  use  with  much  advantage  of  a  reading-glass^  and  by 
its  means  obtain  a  high  magnifying  power. 

In  the  use  of  reading-glasses  binocular  vision  is  usually  sacrificed: 
the  one  eye  looks  through,  the  other  close  to  the  reading-glass^  best 
with  nearly  parallel  visual  lines ;  on  account  of  their  indistinctness 
the  images  have  no  disturbing  influence  on  the  second  eye,  and  the 
spectator  even  fancies  that  he  sees  binocularly. 

If  no  great  magnifying  power  be  desired,  we  can  also  see  binocu- 
larly through  one  glass,  for  which  purpose  the  latter  must  then  be 
held  closer  to  the  object.  In  doing  so  less  convergence  of  the 
visual  lines,  and  at  the  same  time  less  tension  of  accommodation,  is 
required,  than  in  looking  at  the  same  object  without  the  intervention 
of  a  reading-glass,  and  the  object  therefore  appears,  according  to  the 
laws  of  stereoscopy,  to  lie  further  off.  However,  even  in  the  com- 
mencement of  presbyopia,  the  tension  of  accommodation  required  is, 
in  reference  to  the  necessary  convergence,  quite  too  great,  so  that 
binocular  vision  through  the  same  glass  is  possible  only  for  young 
persons,  and  for  older  individuals,  who  are  somewhat  myopic.  It 
is  best  attained,  even  in  incipient  presbyopia,  when  we  b^in  by  hold- 
ing the  glass  at  first  near  the  object,  and  then  gradually  remove  it^ 
In  general,  however,  it  must  be  stated,  that  binocular  vision  through 
a  reading-glass  is  possible  to  presbyopics  only  when  they  are,  in  ad- 
dition, aided  by  weak  convex  spectacles.*  Consequently  these  glasses 
in  general  serve  only  for  monocular  vision,  and  they  are  especially  to 
be  recommended  for  the  purpose  of  magnifying  minute  objects  of  art. 
For  reading  their  use  is  seldom  advisable.  They  come,  however, 
under  notice  where  diminished  S  renders  a  magnifying  power  neces- 
sary, which  is  obtainable  by  means  of  spectacles  only  for  a  short  dis- 

*  It  may,  in  passing,  be  observed,  that  an  emmetropic  person  (the  myopic 
iind  the  hypermetropic,  of  course,  also,  when  their  ametropia  is  reduced)  can 
combine  two  figures  stereoscopically  through  a  reading-glass.  The  figures 
must,  however,  lie  closer  to  one  another  than  for  ordinary  stereoscopy,  and 
as,  with  too  strong  oonvergenoe,  we  see  the  image  situated  to  the  right  with 
the  left  eye,  and  vice  versd,  the  figures  must  also  be  changed,  the  left  for 
the  right,  and  vice  versa,  if  we  wish  not  to  see  them  pseudo-stereosoopically. 
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tance  lirom  tlie  eye.  For  tlie  special  purpose  of  readingi  broad 
glasses,  ground  above  aud  btdov^^,  are  the  most  suiUble,  aotl  in  par- 
ticular  bic)'lindrical  convex,  glasses,  with  intersecting  axes,  deserve  to 
be  t^omineuded :  the  dioptric  action  of  these  glasses  (compare 
ii^mutUm)  is  nearly  equiil  to  that  of  spherical  glasses;  but  they 
distinguished  by  the  fact  that  they  have  the  greiitest  field  of  dis- 
tinct vision  in  the  dirt^ou  perpendicular  to  the  axis  of  the  surface 
turned  towards  the  eye,  so  tliat  by  turning  the  surface  with  vcrtio;J 
PS  towards  the  eye,  we  possess  in  reading  the  advantage  of  having 
.  image  over  an  extensive  field  in  the  horiisontal  direction. 
No  particukr  results  are  observed   from   the  use  of   convex 

glasaes.  It  is,  however,  true,  that  when  a  person  with  still  suflicient  j^ 

in  ordinary  work  regularly  employs  them — in  other  words,  renders 

himself  myopic,  the  relative  -r-  will  change,  and  be  modified  in  the 

Mme  direction  as  in  myopic  individuals,  and  that,  conseqaently, 

although  Y  should  not  subsequently  be  changed,  he  will  have  diffi- 

culty  in  accommodating  himself  permanently  for  the  distance  of  the 
point  of  convergence.  For  this  reason  also,  I  gave  my  opinion 
against  the  so-called  conservative  spectacles,  that  is,  against  the  pre- 
mature use  of  convex  glasses :  they  then  soon  h^^come  a  necessity, 
and  hasten  in  emmetropic  persona  the  difficulty  of  seeing  occnrattdy 
at  the  distance  in  the  point  of  convergence.  Even  after  a  single  trial 
this  may  be  observed^  but  of  course  it  then  soon  disappears  again. 
In  using  optica!  instrumentij  with  one  eye,  we  generally  lay  it  down 
as  a  rale,  that  in  order  to  avoid  injuring  the  organ,  it  must  be  re- 
laxed to  its  farthe^it  point.  I  have  for  many  years  kept  this  in  view 
in  employing  the  microscope  and  in  the  use  of  magnifying  glasses. 
However,  the  idea  of  the  proximity  of  the  object  easily  produces  a 
slight  convergence;  and  if  I  have,  avoiding  all  tension  of  accommoda- 
tion, continued  this  for  some  time,  I  experience  difBculty,  on  discon- 
tinuing it,  in  accommodatingforthe  point  of  convergence :  this  difficulty 
continues  longer,  the  longer  I  had,  at  a  certain  convergence,  relaxed 
tny  power  of  accommodation  as  much  as  possible.  I  cannot,  there- 
fore, recouimend  to  the  emmetropic  to  totally  relax  his  accommoda- 
tion in  using  the  microscope,  the  less  so,  because  by  doing  tliis,  he 
will  soon  find  difficulty  in  applpng,  in  measuring,  the  method  a  double 
nite,  which  in  so  many  respects  commends  itself  to  our  adoption. 
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Essential  injuries  to  sights  which  are  often^  with  so  mach  exaggera- 
tion, predicted,  I  have  never  seen  arise,  even  firom  an  undne  use  of 
convex  glasses.  On  the  contrary,  as  will  appear  in  the  Chapter  on 
M,  an  inconsiderate  use  of  concave  glasses  may  be  veiy  dangerous. 


NOTE  TO  §  18. 


I  have  thought  it  well  to  exemplify  the  application  of  the  precepts 
I  have  laid  down  respecting  the  use  of  convex  glasses^  by  some  cases 
taken  from  life.  The  reader  will  excuse  me  if  this,  for  him,  is  quite 
superfluous. 

1.  Commencement  of  simple  presbyopia, — ^D.,  a  olerk,  aged  48,  asks  fin* 
spectacles,  because  he  begins  gradually  to  find  greater  diffionlty  in  distiii- 
guishing  small  writing  in  the  evening,  and  sometimes  makes  mistakes  in 

20 

figures.    His  work  does  not  otherwise  fatigue  him.    He  has  8  ^   -^^  (he 

sees  No.  XX  at  20^  distance),  is  emmetropic  (sees  XX  at  20^  not  so  well 
through  either  g^  or  —  —  J ,  and  by  daylight  reads  1 1  with  greater  ease 

at  16'  than  at  lO*.    He  receives  glasses  of  g^,  which  give  a  space  of  from 

7^  to  5',  to  use  in  the  evening,  and  also  by  day  in  dark  weather,  and  subae- 
quentiy  when  he  experiences  difficulty,  regularly.  When  the  necessity  has 
become  constant,  the  period  will  have  approached  at  which  the  advisahility 
of  strengthening  the  evening  glasses  must  be  considered. — After  some  weeks, 
he  states  that  he  can  no  longer  dispense  with  the  spectacles  in  the  evening. 
We  readily  believe  him. 

2.  Moderate  Pr,  with  a  desire  to  see  at  more  than  the  usual  distance, — Mr. 

17  1 

K.,  aged  58,  is  emmetropic,  has  '^  =  on  ^^^  ^^^^^  spectacles  of  -r^,  which 

give  him  in  reading  a  binocular  space  of  from  16'  to  11'.  With  these 
spectacles  he  sees  well,  with  the  book  in  his  hand ;  but  his  handwriting, 
which,  while  he  is  lecturing,  lies  at  20^,  he  does  not  easily  distinguish, 

and  his  auditors  are  in  a  mist.    He  gets  periscopic  glasses  of  ^t'  ^th 

rings  fiattened  above,  which  he  finds  to  meet  all  his  requirements.  He  may 
use  the  same  glasses  in  writing  and  for  ordinary  reading  by  day.    For 

reading  small  print  in  the  evening,  his  glasses  of  ^  are  to  be  recom- 
mended. 

3.  Advanced  Pr,  with  H,  acq,  and  diminished  S, — L.,  aged  73,  has 
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H=  ^,  ^  ^  20*  ia"foiid  of  reading  (**  the  only  thing  which  remained  to 
him''),  and  oannot  do  fo  oorreoUy  witli  his  spectacles,  particularly  in  the 
emening ;  he  is  booh  tired.     He  has  gkases  of  j^^  which  make  P,  nearly  := 

E^  ^=  13'.     He  gets  glasses  of  ^,  sees  with  them  at  9',  and  is  qnlte  satisfied. 

Large  print  is  recommended  to  him.  With  the  ophthalmoscope  we  see, 
when  the  axes  of  Tiaion  are  directed  downwards,  traces  of  radiating  opacity » 
which,  however,  are  not  the  cause  of  the  diminished  S.  I  do  not  hesitate  to 
permit  him  the  free  use  of  the  spectacleB,  nor  shall  I  hesitate  to  give  him 
itronger  glasses,  when,  with  diminishing  S  and  increasing  I/,  the  latter 
shall  he  more  agrees  hie  to  him. 

4.  Commencejtient  of  Preshyopia^  with  myopia, — Prof.  S,,  aged  56,  cannot 
sufficiently  praise  the  excellence  of  his  sight.  **  I  see  admirahly  at  a  dis- 
tence,  read,  write,  and  draw  without  difficulty,  even  in  the  evening."     •'  Go 

*  is  my  answer.     Prof.  S.,  aged  62  :  **  1  still  uBually  see  very  well,  hut 
work  is  sometimes  difficult  to  mo  in  the  evening.     Should  I  also  need 
fpeetadesf    He  reads  1|  hy  prefercnoe  at  14',  deciphers  it  still  at  18% 

1*0 

and  therefore  has  S  ;=  about  r-^ ;  on  the  contrary,  without  speotaeles,  only 

i  'O 
1 A  1  1 R 

^,  and  with  —  ^,  to  his  amazement,  —,    "  Was  I  then  reaUy  myopic  ?  " 

He  gets  — -,  with  a  recommendation  to  use  them  in  the  evening.     ^*  These 

gUssea  magnify,  and  at  a  moderate  distance,  for  example  "Jf^  I  see  hy  no 
meaai  so  well  with  as  without  glasses*"  I  answer :  *'  That  is  unavoidable, 
at  60  years  of  age  we  can  with  no  glasses  in  the  world  see  both  distant  and 
near  objects, -but  set  the  spectacles  somewhat  lower,  so  that  at  pleasure  you 
can  see  over  them,  or  use  ricgs  fattened  above.'' 

5.  Slight  /jf,  requiring  convex  glmses  before  the  usual  age, — Madame  v.  L, 
oom plains  :  **  I  have  done  much  work,  and  spoiled  my  eyes  ;  I  am  only  36 
years  of  age,  and  I  can  no  lunger  see  anything  in  the  evening.'*  "Not 
read  ?  '*  **  0  yes,  but  I  can  do  no  fine  work,  and  reading  also  tires  me  ;  I 
get  terrible  neuralgic  headach,  for  which  my  doctor,  and  also  Dr.  K.,  the 

homoDOpath,  have  given  me  all  sorts  of  things  in  vain.'' 

with —  more  easily  still  5  ===  --,  and  therefore  Hm  =r  ^_. 
36  ^  20  at> 


ShehasA'=rg, 


She  will  de- 


1 


rivo  benefit  £tom  glasses  of  ;r^,    "Must  I  then  use  spectacles  ? ' 


It  is 


desirable,  indeed  necessary,  even  by  day,  particularly  if  you  wish  to  be  free 
from  your  nervous  headach.  Besides,  by  the  proper  use  of  spectacles,  when 
jou  are  alone,  you  avoid  fatigue,  and  you  will  now  and  then  be  able  in 
company  to  work  at  intervals  without  glasses.**  **  Is  it  not  the  case  that 
I  have  spoiled  my  eyes  ?"  ^*  Not  in  the  least ;  the  form  of  your  eye  is  the 
original  cause  of  your  requiring  si>ectaole8  at  a  comparatively  early  age. 
Perhaps  other  instances  of  the  same  are  to  be  met  with  in  your  family?'* 
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*<  It  is  possible,  but  I  had  always  suoli  good  eyes,  and  can  lee  ao  far. 
Can  I  do  nothing  to  strengUien  them  ?  **  "  Often  rest  ia  the  chief  thing. 
Cool  them  now  and  then.  Rub,  if  yon  ohoooe,  a  little  eau  de  Cologne 
over  the  eyebrows,  but  put  nothing  into  the  eyes,  and  depend  upon  it, 
the  spectacles  will  cure  your  nervous  headach." 

6.  Pr,  tcith  M :  reading  at  more  than  the  usual  distance, — Madame  U., 

aged  65,  can  in  clear  daylight  still  easily  read  good  print.    Mis  suspected 

1  18  1 

and  found  =z        g^—.     She  has  spectacles  of  ^,  but  these  tire  her, 

and  the  letters  are  not  black.  12,  is  at  the  same  time  ^  19r,  P,  not 
much  less.  Somewhat  surprised  at  her  statement,  I  request  her  to  hold 
the  book  in  her  usual  way.  She  lays  it  flat  on  the  table,  bolda  herself 
quite  straight  on  her  chair,  and  is  thus  at  a  distance  of  nearly  IG*.  Evi- 
dently for  such  use  the  spectacles  were  too  strong ;  she  required  ^i  which 

gave  her  a  space  of  from  17'  to  15'.  For  very  small  type  she  would  do 
well  to  use  the  stronger  glasses.  *'l  never  read  small  print,"  was  her 
answer. 

7.  Rapidly  decreasing  accommodation^  with  incipient  cataract. — Heer  B., 

aged  45.    His  vision  has  for  some  time  been  less  accurate  than  it  wma, 

]^rticularly  for  near  objects,  and  he  has  used  spectacles  only  at  his  work. 

I  suspect  the  existence  of  slight  Jff.    It  appears,  however,  that  the  ejea  are 

14 
emmetropic,  with  S  ^jr^»    Without  spectacles  he  cannot  read  even  111, 

for  which,  with  perfect  accommodation  for  1'  distance,  only  'S'  =  ^  would 

be  necessary.  There  is,  therefore,  evidently  a  very  slight  power  of  aooom- 
modation.  The  ophthalmoscope  and  focal  illumination  reveal  radiating 
opacity  of  the  lens,  particularly  inferiorly,  with  extremely  slight  granular 

turbidity.    Thus  the  diminution  of  S  and  of  -^  is  explained.    The  papilla 

nervi  optici  is  redder  (capillary  hypersemia)  than  is  proper  to  the  time  of 

life;  the  fundus  is  otherwiso  normal.     With  —  III  is  easily  read  at  13'; 

r,  lies  at  the  same  time  at  about  18';  p^  at  10".  He  must  make  only 
moderate  use  of  these  glasses,  avoid  too  much  laterally  incident  light,  be- 
ware of  a  bent  position,  and  to  this  end  write  at  an  inclined  desk,  take  care 
to  keep  his  feet  warm,  avoid  whatever  can  cause  congestion  of  the  head,  cool 
his  eyes  often  with  cold  water,  frequently  rub  a  spirituous  fluid  strongly 
over  his  eyebrows,  report  himself  again  at  the  end  of  six  months,  or  sooner 
if  anything  particular  should  occur.  I  say  nothing  of  cataract ;  "  his  eyes 
are  in  a  congested  state." 

8.  Rapidly  increasing  presbyopia  tcith  H aequisitay  tcith  glaucoma  simplex, 
— Madame  K,  aged  54,  saw  perfectly  well  until  her  47th  year ;  in  her  48th 
year  she  began  to  use  weak  spectacles  for  fine  work  in  the  evening ;  these 
answered  her  purpose  up  to  her  52nd  year,  she  then  got  stronger  glasses, 
but  now  constantly  requires  still  stronger,  and  even  with  them  she  does 
not  sec  with  facility.    She  complains  of  weariness  and  a  feeling  of  pressure. 
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At  present  she  u^es  ^r  and  with  them  seea  at  14*.  not  much  closer.  This 
great  distanoe  is  explained  by  II  ^,  which,  in  connes:ion  with  her  accu- 
rate vision  at  47,  is  looked  upon  as  aoquisita.    In  any  oaaei  ^  secma  to  be 

21 
very  limited.     HowcTer,  6'  is  ^  .^,  and  is  therefore  very  satiafaotoiy.    On 

handling  the  eyeball,  it  feels  too  hard  ( T,  on  the  right  and  7",  on  the  loft 
eye,  according  to  Bowman).  This  indicates  glaucoma  simplex.  With  the 
ophthalmoeoope  oommenoing  excavation  of  the  optio  nerve  is  reoogniaed,  and 
OB  alight  pressure  with  the  little  finger  arterial  pulsaticiii ;  there  is  no  r(s 
rtriction,  bat  in  feeble  light  there  is  less  certain  distinguishing  of  the 
fingers  in  the  inner  part  of  Xh^  field  of  vision.  The  iris,  the  size  and  mobility 
of  the  pupil,  the  depth  of  the  chamber  of  the  eye«  and  the  sensibility  of  the 
organ,  are  still  normal*,  there  are  no  coloured  rings  about  the  candles;  the 
subconjunctival  vessels  are  perhaps  somewhat  dilated.  I  speak  seriously 
to  her;  **  There  is  the  commencement  of  a  disease  of  much  consequence,  whioh 
is  sometimes  rapidly,  scmetiraes  slowly  developed.  Art  can,  however,  prevent 
it,  for  this  I  can  answer.  I  shall  expect  to  see  you  again  in  a  month.  If  red- 
ii6«8  or  pain  come  on,  come  tomeimmediatelyt  even  if  you  are  indisposed,  for 
by  neglect,  but  by  neglect  alone,  irretnevable  blind nesa  might  be  the  result. 
I  shall  give  you  a  few  lines  for  your  medical  attt^ndant  Meanwhile  you 
mast  spare  your  eyes.  Heading  I  will  not  absolutely  forbid*  but  use  a  large 
print,  stop  often,  and  immediately  whenever  you  have  any  feeling  of  uneasi- 
ness^'* These  words  arc  the  introdnction  to  the  proposal  of  indectomy,  which 
at  the  following  visit  she  has  to  expect  Humanity  urgently  requires,  that 
prejudice  and  ignorance  should  no  longer  oppose  the  use  of  iridectomy  in 
glaucoma. 


CHAPTEE  VI. 

HYPEEMETROPIA.  H. 

§  19.   Dioptric  Definition  op  the   dipfekent  Degrees  aud 
FoEMs  OP  Hypesmetbopia. 

The  refracting  system  of  the  emmetropic  eye  has^  as  we  have  seen,  in 
the  state  of  rest  of  accommodation,  its  focus  on  the  layer  of  rods  and 
bulbs  of  the  retina :  parallel  rays,  derived  from  infinitely  remote  ob- 
jects, refracted  by  the  media  of  such  an  eye,  there  unite  in.  a  focns 
(Fig.  1 12  O  •  The  farthest  point  of  distinct  vision  r  therefore  lies  at 
an  infinite  distance,  that  is,  at  the  limit  of  our  necessities. 


Fig.  112. 


From  this  ideal  state  the  eye  may  deviate  in  two  respects  and 
become  ameiropic.  The  focus  of  the  dioptric  system  may  be  situated 
in  front  of,  or  behind  the  layer  of  rods  and  bulbs.  In  the  first  case 
the  eye  is  mifopic  (Fig.  113),  in  the  latter  it  is  hypermetropic  (Fig. 

Fig.  113. 


Myopia  is  a  condition  which  has  been  long  observed,  and  has  been 
much  studied.  Hypermetropia,  generally  as  it  occurs,  was,  on  the 
contrary,  until  quite  recently  (though  mentioned  by  Ware),  almost 
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entirely  overlooked,  at  least  its  nature  and  its  results  were  not  recog- 

Fig.  114. 


nised.  But  once  discovered  and  understood,  it  speedUj  revealed  all 
its  mjateries,  and  gave  ns  the  key  to  a  number  of  phenomena,  whose 
origin  had,  until  then,  continued  ejiigmatical ;  thus  the  source  of 
asthenopia  and  of  strabismus  oonvergens  was  found  in  this  anomaly. 
We  have,  in  the  first  place^  here  to  treat  of  it  in  this  section,  particu- 
larly from  the  dioptric  point  of  view.  From  this  point  of  view  the 
definition  of  H  was  given.  It  is  also  included  in  Pig,  114.  Parallel 
mys  unite  not  on  the  retina,  but  in  0",  that  is,  behind  the  retina*  In 
order  to  unite  in  the  retina,  for  example  in^,  the  rays  falling  upon  the 
cornea  must  already  have  a  converging  direction,  as  the  dotted  lines  in 
Fig.  1 14,  which  converge  towards  L  The  point  which  has  its  image 
on  the  retina,  is  therefore  not  a  trae  point,  but  an  ideal  or  virtual  point, 
situated  beliind  the  retina  (for  example  in  i).  Such  points  we  do  not 
s^  in  nature.*  From  each  point  of  an  object  the  rays  always  proceed 
in  a  diverging,  or  at  most  in  a  parallel  direction  (when,  namely,  the 
objects  lie  at  an  infinite  distance),  never  in  a  converging  direction. 
The  eye  therefore  has  no  need  to  be  able  to  adapt  itself  for  converg- 
ing rays.  AH  requirements  are  fulfilled,  when  it  c^n  bring  tolerably 
diverging  rays  to  a  focus  on  the  retina,  and  at  the  same  time  can  relax 
itself  to  accommodation  for  parallel  rays.  If  it  can  go  farther  than 
this,  it  oversteps  the  measurCj  and  is  hypermetropic.  It  possesses 
something  useless,  and  has  thereby  lost  on  the  other  side  in  what  is 
QsefuL  In  order  to  see  remote  objects,  it  must  be  actively  accom- 
modated ;  and  in  bringing  to  a  focus  it  yields,  for  equal  range  of 
accommodation,  to  the  emmetropic  eye. 

•  Converging  rays  can  frill  upon  our  eye  oaly  when  dioptric  surfaees,  for 
example,  those  of  a  l©nfl,  atand  between  the  point  aod  tlie  eye.     Moreover, 
the  rays  proceeding  from  the  fundus  of  a  myopic  eye,  or  of  an  eye  aeeommo- 
I      dated  for  tinite  distance*  when  arrived  without  the  eye,  acquire  a  converging 

■  direction.    Therefore  a  hypermetropic  person  can  see  with  the  opbthalmosoope 

■  the  fondua  of  such  eyes  accurately,  and  an  emmetropic  individual,  ia  order  to 
H  do  the  same,  must  make  kimsetf  hypermetropio  by  mcana  of  a  concave  giaB». 
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The  degree  of  H  is  euilj  expressed.  It  is  eqnil  to  the  qmitilyi 
by  which  the  relaxation  of  the  eve  can  overstep  the  meisoie,  md 
this  is  foand  in  the  strongest  positive  giass,  vith  which  infimtdj 

remote  r^bj^ns  can  Ije  accurately  seen.     If  this  glass  amounts  to  ^ 

^^^f  -,  II  IS  also  ^.y  j^,  ^,  or,  more  exactly  still,  jg*  ^  f  ™* 

the  ;rla.««  was  removed  1"  from  the  nodal  point. 

U  may  be  divided  into  acquire*!  and  originaL  Of  the  acquired 
we  have  spoken  so  far  (§  17)  as  it  is  developed  by  the  senile  changea^ 
in  the  emmetropic  eye.  As  in  the  latter,  it  begins  after  the 
50th  year,  the  original  hypermetropia  must  also,  after  that  penod, 
gradually  increase ;  but  only  in  the  same  slight  degree  in  which  it  oc- 
curs in  the  emmetropic  eye.  Under  the  head  of  '  acquired  H,'  we  must 
here  provisionally  include  aphakia,  that  is,  the  condition  in  whidi 
the  lens  has  disappeared  firom  the  eye,  or  at  least  from  the  plane 
of  the  pupil.  That  with  such  a  state  a  high  degree  of  H  must,  in 
the  ordinary  form  of  the  eye,  be  combined,  needs  no  proof.  To 
this  subject  I  must  devote  a  separate  section  of  the  present 
chapter. 

Original  H  we  divide  into  manifest  Hm,  and  latent  HL  In  my 
first  investigations  respecting  H,  I  encountered  the  difficulty  of 
accurately  (letcrmining  the  degree  of  this  anomaly.     Thus  an  eye 

someiiines  at  first  refused  every  glass  stronger  than  y^,  while  it  soon 
afterwards  gave  the  preference  to  r.,  and  subsequently  again  chose 

o 

yr  or  even  .  r.     I  assumed  that  hypermetropic  eyes,  obliged  to  put 

their  power  of  accommodation  upon  the  stretch  in  order  to  see 
remote  objects,  sometimes  involuntarily  to  a  certain  degree  kept  up 
the  tension,  even  when  the  proper  glasses  rendered  this  not  only  su- 
perfluous, but  undesirable  for  accurate  vision.  Therefore,  from  the 
strougc^st  gliisses,  with  which  the  eye  had,  in  different  trials,  still 
seen  accnirately  at  a  distance,  the  degree  of  H  was  deduced.  These 
should,  as  I  supposed,  completely  neutralise  the  H.  Bur  when 
Hhortly  aflorwards,  still  stronger  glasses  were  sometimes  found  adapt- 
er! to  th(^  same  persons,  L  discovered  my  error,  and  comprehended 
that  those  first  given  had  not  completely  neutralised  the  H,  but 
fli'il  in  usin^  ihein  the  accommodation  to  a  certain  degree  continued 
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in  operation.  This  led  me  to  inquirey  what  the  refractive  condition 
cf  such  hypermetropic  eyes  should  be,  when  by  the  instillation  of  a 
solution  of  sulphate  of  atropia,  the  power  of  accommodation  should 
be  paralysed;  and  to  my  surprise,  it  appeared  that  not  unfiequently 
in  the  trials  with  glasses,  the  greater  part  of  the  H  had  been  sup- 
pressed. In  slightly  myopic,  and  equally  in  truly  enunetropic  eyes, 
on  the  contrary,  B  continues,  after  artificial  mydriasis,  nearly  un- 
altered :  the  power  of  accommodation  here  becomes,  when  the  eye  is 

accommodated  for  r,  actually  almost  wholly  relaxed ;  at  most  only  ^n 

remains.  Evidently,  therefore,  it  is  a  peculiarity  of  H,  that  with 
the  act  of  vision  tension  of  acconunodation  is  associated,  and  thus 
the  H  is  in  part  concealed.  Hence  it  appeared  that  in  H  a  mani- 
fest and  a  latent  part  are  often  to  be  distinguished.  But  it  was  then 
also  to  be  suspected,  that  slight  degrees  of  H,  in  youthful  accommo- 
dation, might  be  wholly  suppressed,  and  in  confirmation  of  this 
suspicion,  experience  showed  me  that  where,  as  in  cases  of  asthe- 
nopia and  of  strabismus,  H  was  with  some  reason  suspected,  without 
being  capable  of  immediate  demonstration,  a  not  inconsiderable 
degree  almost  always  in  fact  appeared,  on  paralysing  the  accommo- 
dation. 

The  conclusion  is  :*  that  H  may  be  wholly  latent,  =  HI,  and  that, 
where  it  occurs  in  the  manifest  form,  as  Hm,  a  latent  part  HI  may 
still  be  supposed  to  exist.  Therefore  H  =  Hm  +  HI,  and  if 
Hm  =  0,  then  HI  =  H.  Now,  is  it  also  possible  that  HI  =  0, 
and  that  therefore  H  should  be  entirely  manifest  =  Hm  ?  This  is 
actually  the  case,  when  in  advanced  age  the  power  of  accommoda- 
tion is  wholly  absent,  either  through  paralysis  or  artificial  mydriasis. 
But  even  already,  while  it  diminishes,  Hm  must  increase  in  reference 
to  HI,  and  experience  actually  shows,  that  even  in  the  40th  year 
BQ,  in  reference  to  Hm,  is  very  slight,  and  that  in  the  55th,  it 
may  be  wholly  neglected.  Hence  it  follows,  that  an  originally 
latent  H  becomes  gradually  more  and  more,  and  finally,  just  as  the 
higher  degrees,  altogether  manifest.  I  have  seen  cases  of  HI  in 
children   of  ten   or  twelve  years   of  age,   where,   in   consequence 

of  paralysis  produced  by  atropia,  H  appeared  =  ^ ;  others,  in  which 

Hm  =  from  Yo  to  5^,  gave  place  to  H  =  ^.  At  twenty  years  of 
age  about  one-half  of  this,  at  forty  more  than  three-fourths  will 
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have  become  manifest^  and  at  seventy  we  have  to  expect  simple 
in  a  still  higher  degree  (on  account  of  the  supenremng  dimii 
of  refraction^  as  H  acquisita)  than  H  was  originally  present 
pare,  moreover,  Fig.  117). 

A  farther  division  of  Hm  is  that  into  aisolwte,  relative 
facultative. 

The  absolute  exists,  when  even  with  the  strongest  converge! 
the  visual  lines,  accommodation  for  parallel  or  converging  i 
not  to  be  attained:  of  this  Fig.  115  gives  an  example.     It 
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>  llie  boundaries  of  accomniodiition  of  Dr.  de  Haasj'**  otie  of  the 
BtroDgest  hypermetropics  I  have  met  with.  It  appears  that  Hm  amounts 

to    very     nearly    ^,  and,  nevertheless^  with  strong  convergcneej 

Df.  de  Haas  still  attains  to  nearly  the  accommodation  for  parallel 
rays.     He  has,  in  fact,  the,  for  his  time  of  life,  very  considerable 

range  of  accommodation  of  neai'ly  ^.     Some  years  ago,  we  may 

arfelj  infer,  while  -r-  was  still  greater  than  it  is  now,  his  Era  was 

not  yet  absolute.  Hence  we  see  that  in  youth  absolute  Hra  is  of 
'a*^  uccurrence*  RehtCtve  i/w,  however,  even  tlien  rather  frequently 
pt'e^Dts  itselL  Fig.  115,  I L,  represents  a  caseof  it  in  a  girl  of  17. 
*  *i^  manifest  farthest  point  r^  lies  about  V  behind  the  eye,  the  abso- 
^^t^  nearest  pointy  lieslO''  before  the  eye,  so  that,  calculated  from  r^ 

j^  19  ==  TTT^j — ail  J  y^t  the  line  jo,  p^p   nowhere  passes  over  the 

^>^tle  of  convergence  K  K'«  This  young  person  can  accommodate  for 
^  Teal  point  /,  hut  only  upon  condition  of  convergence  of  the  visual 
^'"tes  to  a  point,  situated  nearer  than  i  to  the  eye.  The  H  is  there- 
fore not  absolute,  but  still  it  exists  in  relation  to  the  convergence. 
For  example,  in  order  to  see  accujately  at  a  distance  of  16",  there 
must  he  convergence  to  a  distance  of  \%'\  that  is,  under  an  angle  of 
IP  21'.  But  of  this  the  person  in  question  makes  no  use.  She 
does  not  do  so  even  by  covering  one  eye  \  consequently  she  now 
never  sees  accurately,  even  monocularily,  except  with  the  aid  of 

spectacles,  but  has,  perhaps,  when  at  ten  or  twelve  years  of  age  -r 

WBs  still  greater,  seen  accurately  even  binocularily.     When  with 

hiereasing  years  j-  shall  be  reduced  to  ^,  this  relative  Hm  will  have 
A  7 

given  place  to  the  absolute  form. 

Facultative  llm  I  have  assumed,  when  objects  can  be  accurately 

seen  at  oc  both  \^ith  and  without  convex   glasses,     A  case  of  this 

kind  is  represented  in  Fig,  116.     It  is  that  of  a  man  aged  28,  in 

whom  t^  lies  30"  behind  the  eye,  and  /; ,  with  parallel  visual  lines, 

20"  before  the  eye  ;  he  sees  still  accurately  at  a  distance  as  well 

•  Author  of  the  Inaugural  Dieaertation ,  Ovtr  de  Ht^ftemtctropm  en  hare 
ffewfl^en,  Utrecht,  186:^. 
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20* 


His  relative  range  of  accommoda. 


tion  with  parallel  visual  lines  therefore  amounts  *^  on  "^  SO  ~  T^ 
At  the  distance  of  10*5,  he  can  for  a  short  time  still  see  binocularly. 

Fig.  116. 
1  :  2 
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Even  before  his  88th  year  this  facultative  H  will  have  given  place 
to  relative,  and  about  his  4j5th  year,  to  absolute  H.  Does  not  even 
the  originally  emmetropic  eye  end  by  becoming  absolutely  hyper- 
metropic ? 

The  distinction  here  made  is  in  all  respects  justified.  The  dis- 
tinctive character  of  H  is :  position  of  the  focus  9»  behind  the  retina 
in  rest  of  accommodation.  If,  moreover,  with  the  most  powerful 
tension,  0,  remains  behind  the  retina,  Hm  is  absolute;  if  ^,  can 
reach  the  retina  only  with  convergence  of  the  visual  lines,  Hm  is 
relative ;  it  is,  on  the  contrary,  facultative,  when  abo  with  parallel 
visual  lines  0^  can  be  brought  into  the  retina.  The  definitions  give 
accurate  boundaries.     In  reference  to  vision  the  distinction  has,  too. 
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its  important  aspect,  for  with  absolute  Hm  vision  can  never  be 
acute;  with  relative  only  monocular  vision  can  be  so  (and  indeed 
exceptionally) ;  with  facultative,  on  the  contrary,  binocular  vision 
may  also  be  acute.  But  the  distinction  loses  much  of  its  impor- 
tance, inasmuch  as  in  fatigue  and  weakness,  and  also  regularly  with 
the  increase  of  years,  the  facultative  passes  into  relative,  and  the 
latter  into  absolute  H.  To  this  attention  was  already  directed  in 
the  description  of  the  forms  enumerated.  A  diagram  (Kg.  117)  may 

Fig.  117. 
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farther  iUustrate  it.     In  the  10th  year,  with  H  =  -g,  Hm  is  here 

=  .-^  but  with  tension  there  is  still,  even  without  convex  glasses, 
acute  vision  to  some  distance  from  the  eye  (facultative  Hm). 
With  the  25th  year,  Hm  has,  with  unaltered  H  =  ^,  become 

=  ^,  and  while  the  absolute  nearest  point/?  Ues  at  30",  a  binocular 

16 
nearest  point  is  no  longer  present:   relative  H  has  supervened. 
Even  in  the  Slst  year  p  here  passes  the  line  qc  ,  that  of  the  infinite 

distance,  and  therewith   absolute  H  is  given.     Further,  while  -^ 

gradually  diminishes  and  finally  at  80  years  of  age  becomes  =  0, 
the  latent  part  of  H,  the  distance  between  r  /^  and  n  r '  becomes 
less  and  less,  and  at  length  entirely  disappears,  where  the  lines 
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r^  f^  and  r,  r\  meet  one  another :  at  the  same  time  the  total  H  has 

risen  from  ^  to  r-p- 
6       4*5 


§  20.  Form,  Position,  and  Movements  of  the  Hypekmktropic 
Eye. — Apparent  Strabismus. 

In  the  preceding  section  we  defined  H,  from  the  dioptric  point 
of  view.  The  question  now  is,  on  wliat  anatomical  deviation  this 
refractive  anomaly  depends. 

A  great  variety  of  circumstances  may,  exceptionally,  in  this 
respect,  come  into  play.  In  the  first  place,  absence  of  the  crystal- 
line lens  (aphakia),  Ijy  whatever  cause  produced — an  important 
condition,  to  which  we  shall  devote  a  separate  section.  Moreover, 
diseases  of  the  cornea,  attended  with  flattening,  whether  of  the 
cornea  at  large,  or  of  its  central  portion.  Thus,  1  have  sometimes 
found,  with  central  ulcer  of  the  cornea,  a  high  degree  of  H,  which 
gave  way  to  E,  or  even  to  M,  combined  with  irr^ular  astigmatism, 
when  by  mydriasis  the  lateral  parts  of  the  cornea  also  came  into 
l)lay  in  direct  vision.  In  commencing  glaucoma,  too,  the  eye 
appears  to  incline  to  H,  which  may  be  dependent  on  flattening  of 
the  crystalline  lens  through  tension  of  the  zonula  Ziimii,  if  not  on 
a  higher  coefficient  of  refraction  of  the  aqueous,  or  especially  of  the 
vitreous  humour:  at  least  the  cornea,  according  to  my  measure- 
ments, does  not  become  flatter,  as  might  have  been  supposed,  from 
the  increased  pressure,  which  appeared  necessarily  to  make  the 
whole  eyeball  more  spherical.  Finally,  protrusion  of  the  retina 
through  firm  chorioideal  exudation,  may  give  rise  to  some  H,  and 
by  detachment  of  the  retina  it  may  produce  even  a  high  degree  of 
the  same,  which,  in  that  case,  soon  gives  way  to  blindness.* 

The  rule  is,  however,  that  H  depends  on  a  peculiar  typical 
structure  of  the  eye,  which  may  be  called  the  hypennetropic  struc- 
ture.    The  hypermetropically-formed  eye  is  a  small  eye;  in  all  its 

•  AooordiDg  to  Ed.  v.  Jaeger  ( TJeher  die  Eimtellungen  de's  dioptr.  Appara- 
teSf  etc.,  Wieu,  1861,  p.  96)  H  is  very  characteristic  and  important  as  a 
diagnostic  symptom  in  many  afieotions  of  the  central  nervous  system  and  of 
the  optic  nerve  (bluish  coloration  combined  or  not  with  phenomena  of  irritar 
tiou).  H  is  said  in  such  cases  often  to  intermit,  not  unfrequently  simul- 
taneous! j  with  the  symptoms  of  irritation.  Increased  tension  would,  under 
these  ciroumstanoes,  be  present. 
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dimensions  less  than  the  emmetropic,  but  especially  in  timt  of 
the  visual  axis.  Imraediatdj  arouod  the  cornea,  the  sclerotic  has  a  flafc^ 
dightJy-curved  appearance :  the  ineriilians  have  here  a  slight  cnrva- 
iure;  at  the  equator,  on  the  contrary,  the  cun^ature  is  much  greater 
in  the  direction  of  the  meridians  than  in  that  of  the  equator  itself. 
A  section  through  the  visual  axis  has  the  form  of  an  ellipse,  of  which 
the  visual  ajcis  is  the  short  axis  (Fig.  118) ;  on 
the  contmrT,   a  section    perpendicular   to   the  Fig*  118, 

visual  axis,  carried  through  the  equator,  is 
almost  a  circle.  The  hy]>ermetropic  eye  is  in 
general  an  \ffiperfedly  (kveloped  eye,  K  the 
dimensions  of  all  the  axes  are  less,  the 
expansion  of  the  retina  also  is  less,  to  which, 
moreover,  a  shghter  optic  nerve,  and  a  less 
number  of  its  fibres  correspond.  Further,  the 
aaymmetry  in  the  several  meridians  (astigmatism)  is,  in  this  tyv^ 
on  an  average,  greater  than  in  the  emmetropic.  Both  these  circum- 
stances explain  the  fact,  at  least  in  piirt,  that  in  higli  degrees  of  11 
the  acuteness  of  vision  is  usually  below  the  normal.  If,  in  addition, 
the  development  of  the  cornea  has  been  imperfect,  wliich  is  com- 
j>aratively  rare,  the  hypermetropic  structure  passes  into  true  mi- 
crophthalmos.^— The  hypermetropic  structure  is  hereditary:  if  one 
of  the  parents  suffers  from  H,  we  find  the  same  anomaly  usually  in 
one  or  more  of  the  children  \  sometimes,  too,  several  brothers  and 
sisters  arc  hypermetropic,  withtjut  the  anomaly  being  observable  in 
either  of  the  parents.  How  far  the  struct  ure  in  question  is  also 
eonffrntM,  I  have  not  inquired.  According  to  voji  Jaeger's 
ophthalmoscopic  investigations,*  the  eyes  of  most  newly-born  chil- 
ren  are,  on  paralysis  of  accommodation,  motlerately  myopic;  but 
soon,  on  further  development,  these  lose  M,  ami  in  the  tirsL  years  of 
life  mostly  become  emmetropic.  The  great  difference  in  the  form 
of  the  eyes  does  not  occur  until  a  later  period.  However,  von 
Jaeger  did  not  find  even  in  the  first  days  of  life  exclusively  {78yj 
myopic,  but  in  6%  emmetropic,  in  17%  hypermetropic  eyes.  It 
may  probably  be  said,  that  among  these  last  especially  the  hyper- 
metropics of  more  advanced  age  are  to  be  found.  At  least  I  have 
in  the  fifth  and  sixth,  and  sometimes  even  in  the  fourth  year, 
demonstrated  considerable  degrees  of  H,  and  have  never  seen  these 
fltsappear  at  a  later  period. 

•  /.  r.,  p.  20. 
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The  shorter  visual  axis  of  the  hypertnetropically-forined  eye, 
which  is  demonstrable  even  in  life,  sjitiafactorily  explains,  the  form 
and  position  of  the  rffrafting  surfaces  being  the  saniej  the  existenct^ 
nf  H.  The  question,  however,  is,  whether  we  arc  right  in  assum- 
ing this  siraihirity  in  position  and  form.  A  priori  it  might  be  ?iip- 
I>osed,  and  it  has  been  not  only  supposed,  but  also  asserted,  thnt  less 
toiivexity  of  the  cornea  and  of  the  crystalline  lens  is  |>eculiar  to  the 
hypermetropic  eye.  So  fa?  as  the  cornea  is  concerned,  I  am  j 
fied  by  the  res^nlts  of  numerous  accurate  deferminations,  in  deny 
iug  the  assertion.  Even  in  high  degrees  of  H,  the  radius  in  the 
visual  line  (compare  p.  89)  is  nearly  equal  to  that  in  the  emme- 
tro)>ic  eye,  and  in  the  highest  degrees,  when  the  circumference  of 
the  cornea  is  somewhiit  less  thiin  usual,  1  found  the  radius  even  less* 
And  if  this  be  trne  for  p",  still  more  must  it  hold  good  for  p,,  the 
radius  in  the  apex  of  the  cornea  (which  alone  is  here  concerned) ; 
for  the  angle  a  betw^cen  tht:  axis  of  the  cornea  and  the  visual  line 
is  greater  in  H  than  in  E,  However,  it  has  really  the  appearan^H 
as  if  the  cornea  of  the  In^erraetropie  eye  were  less  c-onvex,  whic^^ 
just  as  in  presbyopia,  is  to  be  ascribed  solely  to  the  diminished  depth  of 
the  anterior  chamber  of  the  eye,  and  to  the  relative  sniallness  of  the 
pupil :  a  more  anterior  position  of  the  iris  and  crystalline  lens  is 
of  the  peculiarity  of  ihc  hy]>ermetropic  structure.  The  influence 
the  cornea  is  thus  excluded. — ^ Whether  a  flatter  crystalline 
belongs  to  the  hypermetropic  structure  of  the  eye,  is  quite  uiikno 
It  is  true  that  in  some  eyes  tlie  lens  is  thicker,  in  others  thinner^ 
but,  even  if  we  admit  that  a  shorti^r  and  longer  focal  distance 
respond  thereto  (which  is  not  proved),  we  have  no  right  to  pi 
this  difference  in  connexion  with  II.  We  know  that  the  co; 
has  sometimes  a  particularly  long  radius,  but  this  is  peculiar 
rather  to  the  highest  degrees  of  M  than  to  H ;  and  accidentally, 
too,  the  lens,  which  in  the  measurements  of  Kuapp*  had  a 
particularly  great  focal  distance,  belongs  to  a  myopic  eye. 
deed,  it  is  evident  that  in  order  to  be  justified  in  connecting  a 
lens  with  the  hypermetropic  structure,  we  must  distinctly  demonst 
the  presence  of  the  same  in  hy|)ermetropic  eyes.  I  have  tried  an 
indirect  method,  I  have  endeavoured  to  measure  the  length  of  the 
visual  axis  of  sujjcrficialJy-sitnatcd  hypcnnetropic  eyes,  turned  sf ronglj 
inwards,  and  thence,  in  connexion  with  the  sinmltaneously 


•  Arckivf.  Ophthalmologic^  B.  vii.,  p.  1. 
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mined  ra<lius  of  the  comea  and  the  degree  of  hypennetropirij  to 
calculate  the  focal  distance  of  the  lens.  Bat  the  measurement  of 
the  visual  axis  appeared  to  he  not  siifRcienfly  aec urate. 

Now,  in  the  absence  of  decisive  determinations,  wc  assume  that 
the  cardinal  points  of  the  dioptric  system  in  the  hypermetropic  eye 
have  the  same  position  as  in  the  emmetrojnc.  That  the  crystalline 
lens  in  the  hypermetropic  eye  is  placed  somewhat  more  anteriorly, 
we  leave  out  of  account,  partly  for  the  sake  of  simphcity,  because 
the  influence  thereof  is  sliglit^ — partly  in  onler  so  ftr  to  meet  tho.<e 
who  feel  bonntl  to  tontend  for  a  flatter  crystalbne  lens  in  the  liyper- 
roetropic  eye.  Now,  the  position  of  the  cardinal  points  being  the 
same,  we  can  apply  those  of  the  reduced  eye,  in  order  to  enlenlate 
what  degrees  of  II  are  connected  with  a  given  diminution  in  length 
of  the  visual  axis.     Thus  we  find  ;— 

"With  a  diminution  in  length  of  0-5  mm.,  H  ^=  1 


1      mm.j  H  =^  1 


21-43. 
10  34. 

6^649. 

4-302. 

2-955.* 


„  ,^  1*5  mm.,  H  =  I 

„  „  2     mm.,  H  =^  1 

„  ,,  3     mm.,  H  =  1 

In  a  similar  manner  we  can  from  the  degree  of  the  liypermetropia 
Iculate  the  diminution  in  length  of  the  visual  axis,  and  thus  the 
actnal  length.  ^Fliis  has  been  done  in  the  subjoined  table,  in  which 
also  the  position  of  the  centre  of  motion  (compare  the  method  of  thi' 
determination  pp,  185  ef'  seq,),  and  the  angle  a  are  included.  As 
the  basis  of  the  calculation,  tlie  values  of  the  reduced  eye  are  taken, 
and  the  ascertained  diminiition  in  length  is  deducted  from  the  length 
uf  the  visual  axis  (=  22'231  mm.,  according  to  the  diagrammatic 
eye  of  Helmholtz). 

•  At  p.  17H  we  found 

./.-!=-» ;^^..  or  y=^,  . 

Biequently  :  C  =  — 

If  the  foous  j  (the  retina)  lies  in  front  of  ^'\  as  U  the  oase  in 
hyperraetropia,  y  and  f  arc  both  negative,  because  F"  >  f  and  F  ^  / : 
erenf  beoomes  negative,  bo  soon  as  i'  oomes  to  lie  behind  h.  As  (,  we  find  the 
distance  of  i  b<ihind  f ' ;  we  need  that  of  i  behind  k,  and  (  —  Cr*  is  therefore 
the  distance  whioh  we  seek.     We  thus  find 

n  which  f —  O'  must  be  expressed  in  Parisian  inches 
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To  the  length  of  the  visual  axis  to  the  retina,  found  by  calcula- 
tion, 1*3  ram.  are  added  for  the  thickness  of  the  membranes,  in 
order  to  obtain  the  length  measured  to  the  outside  of  the  eyeball. 
Now  this,  on  an  average,  amounts  in  these  hypermetropics  to 
22*105  mm.;  and  the  centre  of  motion,  which  is  situated  13'22 
mm.  behind  the  anterior  surface  of  the  cornea,  is  therefore  8*885 
mm.  before  the  posterior  surface  of  the  sclerotic  :  these  distances, 
13*22  and  8*885,  are  to  one  another  as  59*8  :  40*2,  that  is,  nearly 
as  3  :  2.  Thus,  as  we  have  already  observed,  the  centre  of  motion 
therefore  lies  in  hypermetropic  eyes,  although  absolutely  somewhat 
less,  relatively  more  posteriorly  than  in  emmetropic  eyes.  This 
position  of  the  centre  of  motion,  as  already  the  shortness  of  the  axis 
in  itself,  requires  in  movement  little  displacement  of  the  optic  nerve, 
and  it  is  consequently  not  surprising,  that  the  excursions  in  hyper- 
metropic eyes  are  usually  a  little  more:  only  in  No.  6  did  any 
limitation  exist. 

In  the  table  the  angle  a  is  also  stated.  Without  exception,  in 
hypermetropics,  the  cornea  is  cut  to  the  inside  of  its  axis,  by  the 
visual  line,  and,  as  we  see,  the  angle  in  this  horizontal  plane  amounts, 
on  an  average,  to  not  less  than  7''55.  The  maximum  is  here 
•  stated  as  9^  the  minimum  as  6"" ;  but  in  some  eyes  I  havQ  fiound 
still  greater  deviation,  even  up  to  11°3*  In  the  emmetropic  eye 
this  angle  amounts  on  an  average  to  only  5°082,  and  in  the  myopic. 
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lirberc  it  may  even  lie  to  the  outside  of  the  axis  of  the  cornea,  and 
thus  become  negative,  we  found  it  in  general  somewhat  less  than  2^* 
How  ijitiraatelj  this  angle  is  connected  with  M  and  H,  appears 
especially  from  tlie  fact,  that  the  maximum  in  M  is  exceeded  by  the 
minim  urn  in  H.  Of  this,  as  we  have  already  remarked^  the  result 
is,  in  myopics  apparent  strabismus  couvergens,  in  hypermetropics 
apparent  strabismus  divergens.  Our  judgment  respecting  the  position 
of  the  eyes  is  determined  by  the  direction  of  the  axes  of  the  cornea, 
and  these  are,  with  a  parallel  position  of  the  visiuxl  lines,  in  hyperme- 
tTOpic5  more  diverging  than  in  emmctro]>ics ;  in  myopics  on  the  con- 
trary they  are  less  diverging  or  even  converging.  If  we  consider  that 
between  the  angle  of  the  axes  of  the  coniea,  with  parallel  visual 
lines,  in  the  most  extreme  cnscs  of  M  and  H,  a  difference  of  Eo"* 
may  exist,  we  shall  conceive  that  this  angle  is  very  characteristic  of 
the  physiognomy  of  myopics  and  hypermetropics,  and  may  indeed 
suggest  the  idea  of  strabismus*  We  shall  hereafter  see  what  an 
important  part  apparent  strabismus  plays  in  the  production  of  the 
true,  how  the  apparent  diverging  promotes  the  development  of  true 
converging  strabismus,  ami  rif*e  verm;  and  tlie  importance  of 
the  angle  a  will  thus  become  still  more  evident.  Here  it  remains 
oidy  to  treiit  of  the  question,  on  what  the  different  values  of  this 
angle  depend.  Fig.  1 19  distinctly  shows,  that  in  the  first  place  the 
position  of  the  yellow  spot  I  in  reference 
to  the  axis  of  the  cornea  determines  this 
ai^Ie.  But  in  the  second  place,  the  dis- 
tance k  y,  from  the  nodal  point  to  the 
retina,  is  to  be  taken  into  account.  It  is 
evident  that,  if  in  the  hypermetropic  eye, 
where  this  distance  is  particularly  short, 
the  yellow  spot  I  is  only  at  the  ordinary 
distance  from  ^  (a  point  of  the  prolonged 
axis  of  the  cornea),  the  angle  a,  under 
which  II'  and  y  a  intersect  one  another  in  /*, 

becomes  greater.  In  this,  therefore,  really  lies  in  part  the  cause  of  the 
greater  value  of  a  in  hypermetropic  eyes ;  but  for  tlie  most  part  this 
greater  value  must  still  be  explained  by  the  more  external  position 
of  the  yellow  spot.  This  posi(ion  is  connected  with  the  arrested 
development,  especially  of  the  external  portion  of  the  hypermetropic 
eye.  It  is,  on  the  other  hand,  as  shall  further  appear,  precisely  the 
extraordinary  development  and  morbid  distention  of  the  outer  parts 


Fig.  U9. 
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in  mjopics,  which  make  the  yellow  spot  in  them  approach  the  aiis 
of  the  coniea^  and  sometimes  even  to  pass  it. 


NOTE  TO  S  20. 

It  appears  to  me  that  tlie  so-called  strabismus  incongruus  of  Johannes 
Miiller  (Zur  vergleichenden  Physiologie  des  Gesichtssinnes^  Leipsig,  1826, 
p.  2.30),  which  has  sometimes  heen  rather  lightly  disregarded,  is  nothing 
else  than  the  aboTe-described  apparent  strabismus.  It  is  tme,  Mueller  has 
not  recognised  the  relation  of  this  deviation  to  the  anomalies  of  refraction, 
nor  has  he  expressly  connected  it  with  the  position  of  the  yellow  spot.  Bat 
what  else  can  he  have  in  view  when  he  says :  "  Moreover,  this  species  of 
strabismus  is  not  rare,  though  in  general  it  is  but  slight,  so  that  the  look  being 
otherwise  steady  and  the  integrity  of  both  eyes  being  equal,  there  is  little 
striking  with  regard  to  internal  changes  P"  He  states  that  in  these  oases  the 
muscles  of  the  eyes  are  quite  sound.  His  definition,  too,  is  applicable  to 
our  apparent  strabismus.  "  The  kind  of  strabismus  I  refer  to  is,"  he  says, 
«  oongenital  '*  (which  is  correct,  at  least  for  the  apparent  diverging  strabb- 
mus  of  hypermetropics)  "  and  incurable ;  it  depends  on  a  difference  in  the 
position  of  the  identical  points  of  the  retinas  of  both  eyes ;  so  that  these  are 
indeed  perfectly  identical  in  a  subjective  respect,  but  in  the  two  eyes  the 
identity  belongs  to  different  meridians,  that,  for  example,  the  centred  point 
of  the  retina  in  the  one  eye  corresponds  to  an  identical  point  of  the 
other  eye,  which  is  removed  from  the  central  point  of  that  eye." 
He  illustrates  his  meaning  with  a  figure,  from  which  it  mifi;ht  be  in- 
ferred that,  in  his  opinion,  only  in  one  of  the  eyes  the  visual  line 
(by  him  called  '*  visual  axis")  and  the  axis  of  the  cornea  (his  "axis 
of  the  eye ")  would  not  coincide.  — A  particularly  well-marked  case 
of  this  kind  is  described  by  von  Graefe,  under  the  name  of  '*  apparent 
incongruence  of  the  retina,  through  anomalous  entrance  of  the 
optic  nerve"  (Archiv  /,  Ophthalmologie,  Band  I.,  Abth.  1,  p.  436), 
where  the  yellow  spot,  together  with  the  optic  nerve,  was  in  one  eye 
strongly  displaced  inwards.  The  writer  contrasts  this  case  with  another  of 
"  true  incongruence  of  the  retinas  "  (Ibid.,  p.  105),  in  which  the  yellow- 
spot  is  said  to  have  occurred  in  one  eye  at  the  nasal  side  of  the  optic  nerve. 
I  must  observe  that  this  last  case  appears  to  me  somewhat  problematical ;  nor 
have  the  cases  recorded  by  Alfred  Graefe,  in  his  clear  and  able  paper 
{Klinische  Analyse  der  Motilitatsstorungen  des  Auges,  Berlin,  1858,  pp.  228 
et  seq.)^  convinced  me.  I  see  that  Artl  likewise  still  doubts  the  existence 
of  the  true  strabismus  incongruus  {Die  Krankheiten  des  Auges,  B.  III.,  p. 
320).  If  we  consider  the  imperfect  acuteness  of  vision  of  the  part  of  the 
retina  used  in  fixation,  another  explanation,  which  has  occurred  also  to  von 
Graefe  himself,  may  very  well  be  given.  If  I  cannot  therefore  consider  it 
proved,  that  other  forms  of  incongruence  occur  than  those  here  described 
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under  the  name  of  ftpparent  Btrabismiis,  I  wiliinpjly  npply  to  these  the  words 
of  ▼on  Graefe :  **  1  would  certoiinly  attribute  tbese  not  to  iucongruenco  of 
the  retinas,  but  to  asymmetrical  development  of  the  two  halves  of  the  bulb.*' 

Tlie  development  of  the  hyperiiietro|>ic  eye  deserveii  to  be  more  clogely  ex- 
BJuined.  With  it  important  (juestions  nre  oonneeted*  It  is  certain,  that  in  the 
lower  orders  of  society  H  is  more  common,  as  in  the  higher  M  is  more  fre- 
qnentJj  met  with.  Now,  hereditarily  thns  transmitted,  these  anomalies  must 
nevertheless  undoubtedly  have  iu  the  first  in staneo  been  produced,  and  must 
still  be  promoted,  by  special  practice.  With  respect  to  M  this  seems  to  mo 
indeed  explicable :  the  stooping  position,  prDbnbly  also  the  increased 
pressure  in  aootimmodation  for  near  objecta,  may  promote  the  distention  of 
the  eyeball,  But  the  same  holds  good  also  for  H  :  there  nre  comitaratively 
more  hypermetropics  among  the  lower  orders,  and  these  want  alt  tendency 
to  beoome  myopic*  Now,  if  H  were  based  upon  a  flatter  lens,  it  would  be  oom- 
prehenaible,  that  during  the  development  of  the  lens  want  Df  accommodation 
for  near  objects  should  make  it  remain  flatter,  just  as,  by  being  suhjeet  in  a 
more  convex  condition  to  the  nutritive  changes,  it  mi«:ht  at  last  retain  a 
njore  convex  form.  But  just  as  little  as  a  more  convex  lens  is  demon- 
strated in  M,  is  a  flatter  ooe  in  H.  Nevertheless,  I  have  asked  myself 
whether  in  the  promotion  of  H,  by  want  of  accommodatiun  for  near  objects 
IQ  childhood,  there  was  not  an  indication  that  the  crystalline  lens  in  H 
should  be  somewhat  flatter.  But  I  must  say  that  the  indication  is  too 
slight.  Moreover  other  hypotheses  present  theraselves.  For  instance,  if 
in  oooommodation  for  near  objects,  the  fluids  of  the  eye  are  brought  under 
higher  pressure,  it  can  be  understood  how  want  of  this  pressure  might 
retard  the  development  of  the  circumferenoe  of  the  eyeball,  and  thus  favour 
the  hypermetropic  form. 

These  remarks  may  tend  to  direct  attention  to  the  investigation  of  the 
development  of  eyes,  especially  of  such  as  are  hyperraetroi>ic,  even  in  the 
first  years  after  birth  ;  the  merit  of  having  made  a  beginning  in  this 
direction  must  be  awarded  to  £d.  von  Jaeger. 


§  21 .      PHfiNOMBNA, DuaNOSIS.  TlIE     VlSION      OP      HyPKII- 

METROPICS. 


The  diagnosis  of  H  is  attended  with  litUt'  Jifficiilty.  I  have 
already  laid  it  down  as  our  duty,  systematically  to  examine  the 
refractive  condition  of  cvery^  opblhalmic  patient,  and  no  case  of  H 
will  easily  escape  liiin  who  docs  so.  But  before  tliis  examination 
Ixas  been  begun,  before  we  have  even  tested  tlie  power  of  vision,  the 
external  appeamtice  will  often  have  made  us  already  suspect  the 
presence  of  II.     In  the  first  place,  we  find  an  indication  in  the 
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anatomical  peculiarities,  spoken  of  in  the  preceding  section.  The 
flat  anterior  surface  of  the  sclerotic,  the  strong  curvation  of  its 
meridians  in  the  region  of  the  equator,  the  shallow  position  of  the 
iris,  the  relatively  small  pupil,  the  apparent  diverging  strabismus, 
all  these  give  a  peculiar  physiognomy  to  the  eye.  But  there  is 
still  more.  In  the  form  of  the  face,  too,  the  existence  of  H  is  not 
unfrequently  expressed.  If  I  am  not  mistaken,  the  peculiarity 
which  here  prevails,  depends  chiefly  on  the  shallowness  of  the  orbit. 
The  margins  of  the  sockets  are  flatter,  less  curved,  the  whole  face  is 
flattened,  with  little  relief;  there  is  little  rounding  in  the  cheeks, 
because  the  anterior  surface  of  the  face  quickly  passes  into  the  lateral 
flatness.  Often,  too,  the  nose  is  but  slightly  prominent,  and  the 
upper  part  of  its  dorsum  is  so  little  marked  that  it  can  scarcely  give 
support  to  ordinary  spectacles.  The  eyelids  are  flat  and  broad,  the 
eyes  are  far  from  one  another ;  the  same  is  true  of  the  orbits,  at  least 
of  their  outer  margins,  whose  mutual  distance  is  easily  measured. 
Otherwise,  so  far  as  the  position  of  the  hypermetropic  eyesis  concerned, 
it  is  sometimes  very  deep,  sometimes  superficial,  so  that  nothing  is 
to  be  inferred  from  it. — It  must  be  observed,  however,  that  the  form 
here  described  is  far  from  being  constant.  But  that  a  connexion 
does  exist  between  the  refraction  of  the  eye  and  the  form  of  the  face, 
appears  most  distinctly  from  the  asymmetry  of  the  bones  of  the  latter, 
including  the  frontal  bone,  which  almost  without  exception  accom- 
panies a  great  difference  of  refraction  in  the  two  eyes.  In  general,  we 
find  in  such  cases  the  eye  on  the  hypermetropic  side  placed  farther  from 
the  root  of  the  nose,  and  together  with  the  whole  side  of  the  face 
sloping  backward.  It  is  as  if  the  bones  of  the  face  on  this  side  are 
in  general  less  developed.  Thus  the  orbit  also  is  less  deep,  and  to 
this  corresponds  a  smaller  eye,  with  a  shorter  axis  of  vision,  which 
again  in  its  turn  is  connected  with  a  shallower  socket.  We  shall 
subsequently  have  to  devote  a  separate  chapter  to  difference  in 
refraction  between  the  two  eyes,  and  we  sbdl  then  revert  to  this 
subject  of  the  asymmetry  of  the  skull  and  face. 

If  we  find  the  ])hysiognomy  here  described  in  a  young  person, 
who  presents  himself  as  a  ])atient,  without  the  external  appearance 
of  the  eyes  betraying  any  disease,  we  may  with  the  greatest  proba- 
bility infer  the  existence  of  hypermetropia.  To  the  question :  "  Can 
you  continue  to  work  long?"  we  obtain  almost  without  exception 
a  negative  answer.      This   rapidly  supervening  fatigue,  the  most 
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usual  phenomenon  of  certain  degrees  of  H,  we  shall  sttidy  more  fully, 
in  the  following  SectioHj  under  the  name  of  asthenQpia. 

Wc  hiive  now  in  these  cases,  as  well  as  in  those  where  all  indiea* 
tion  is  wanting,  with  the  aid  of  glasses  to  ascertain  more  exactly  the 
true  state  of  things.  It  has  already  been  stated  thai  hypermetropia  is 
perfectly  characterised,  when  with  the  aid  of  positive  glasses  the 
vision  of  distant  objects  is  acute  j  the  strongest  glasses,  with 
which  the  acuteness  of  vision  still  continues  perfect,  show  us,  in 
the  manner  before  described,  the  positiou  of  the  farthest  point,  and 
with  it  the  degree  of  the  hypermetropia.  Nevertheless,  even  with 
such  assistance  we  are  still  liable  to  error*  In  the  first  place,  as  lias 
already  been  stated,  the  hypermetropia  may  be  lulent.  After  the 
twenty-fifth  year,  a  part  even  of  very  moderate  degrees  of  H  is 
usually  manifest ;  but  at  a  very  early  period  of  life  the  strong  power 
of  accommodation  may  completely  suppress  comparatively  high 
degrees,  and  such  may  therefore  exist,  even  when  weak  positive 
glasses  already  diminish  the  distinctness  of  vision  at  a  distance.  I 
formerly  supposed  that  when  even  with  weak  negative  glasses,  for 

example,  of —  .     or  —  „  ,  the  patients  asserted  that  they  could 

see  as  well  or  even  better  than  without  glasses,  we  might  infer,  if 
not  the  presence  of  myopia,  at  least  the  absence  of  hyjiermetropia ; 
but  this  opinion,  too,  has  been  corrected  by  experience.  I  have 
found  that  young  patients  sometimes  iuvoluntarUy  suppress  even 
the  hypermetropia  increased  by  the  negative  glass,  and  that  they 
have  such  a  fancy  for  the  smaller  forms  of  letters  and  of  other  objects, 
that  they  imagine  that  they  distinguish  them  as  well,  if  not  better, 
than  with  the  naked  eye.  That  they  are  mistaken  in  this,  is  evident, 
but  it  is  not  always  easy  to  prove  this ;  for  hypermetropic  persons, 
with  good  accommodating  power,  lose  very  little  with  negative  glasses, 
at  all  events  very  much  less  than  myopic  individuals  gain  by  them.  If 
the  phenomena  in  other  respects  justify  us  in  susjx^c ting  the  presence 
of  hypermetropia,  but  do  not  fully  demonstrate  it,  we  must  have 
recourse  to  a  mydriatic,  whereby  the  power  of  accommodation  is 
paralysed,  and  the  hypermetropia,  so  far  as  it  exists,  is  rendered 
entirely  manifest.  Sometimes,  in  such  cases,  examination  with  the 
ophthalmoscope  is  sufficient,  without  the  employment  of  the  my- 
drintic,  to  estabhsh  the  existence  of  liy[)ermetropia.  In  the  passive 
condition  of  the  eye  thus  examined,  in  fact,  the  power  of  accommo- 


dation  not  iiD frequently  becomes  more  relaxed  than  when  the 
is  fixed  even  with  parallel  visual  lines. 

la  the  second  place,  we  must  be  especially  upon  our  guard,  if 
the  acuteness  of  vision  S  is  very  much  diminished.     In  this  case  th&i 
recognition  of  objects  depends  less  on  the   sharpness  of  the  retina 
images,   which,   nevertheless,  are  not   acutely   seen,   than   on 
Tringrtitude  of  the  images.     We  may  imagine  the  retina  in  amblyopic 
persons  to  be  a  very  coarse  canvass,  on  wliich  very  smiill  objecta 
even  though  accurntely  drawn,  are  not  so  well  distinguished  as  larg 
objects,  though  bounded  by  less  sharply-defined  contours.  Or  we  may' 
suppose  very  small  images  to  be  less  accurately  drawn  on  a  finer  tex- 
ture, whcrf^by  the  advaiiinge  obtained  by  iiicre^^ised  magnitude  readily 
counterbalances  the  disturbance^  caused  by  a  further  loss  of  sharpness^j 
— in  like  manner  as  the  strongest  eye-pieces  in  microscopic  exai 
nation,  although    they   render    the    images    more    diffuse,    often 
place  us  in  a  position  to  recognise  with  greater  certainty  the  forn 
of  the  smallest  visible  objects,  than  was  possible  with  weaker  eye 
pieces  (with  the  same  object-glass) .    We  thus  readily  understand  why' 
amblyopic  patients,  even  wlien  they  are  not  hypermetropic,  often, 
choose  positive  glasses  :  the  greater  size  of  the  images  is  particularlj 
seniceable  to  them.     Where  there  is  any  doubt,  in   this  case 
ophthalmoscopic  examination  seldom  fails  us.-    In  mydriasis,  too,^ 
positive  glasses,  on  account  of  the  now  so  much  more  rapid  increase 
in  mngnitude  of  the  circles  of  diffusion,  will  not  readily  be  chosen, 
unless  hypermetropia  actually  exists.     In  general,  we  must  in  such 
cases  attend  to  the  magnitude  of  the  pupil.      I  have  seen  some 
instances   of  extraordinarily   small,    whether   natural   or   artificial, 
pupils,  which,  connected  with  a  certain  degree  of  amblyopia,   ou 
account  of  the  improved  power  of  vision  at  a  distance  caused  by 
strong  positive  glasses,  incorrectly  led  the  observer  to  infer  the 
existence  of  a  high  degree  of  hypeniietropia.     In  very  rare  cases, 
too,  diseases  of  the  cornea  may  lead  us  into  error.     A  slight  flatten^ 
ing,  and  especially  transparent  uters  opposite  the  pupil,  cause  myopia 
to  disappear,    or   render  the  person  hypermetropic,  wluch  altered 
refraction  is  removed  when  the  ulceration  is  healed,  and  often  even 
on  dilatation   of  tlie  pupH.      Lastly,  I  must    caution  the  reader' 
aganist  making  an  examination  with  dirty  or  dull  glasses.     Of  course, 
if  the  glass  is  dirty  or  grows  dull  before  tbe  eye,  wliich  very  readilj^B 
happens  with  cold  glasses,  it  will,  although  it  corrects  the  existing^^ 
anomaly  of  refraction,  be  rejected.     If  we  doubt  whether  this  iollu- 
ence  is  in  operation,  we  should  hold  glasses  of  eq^ual  negative  focal 
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distance  before  the  positive  glasses  placed  in  the  frame,  in  which 
case  the  patient  ought  to  see  as  well  as  without  glasses.  If  care 
has  been  taken  t€  have  the  glasses  elean^  this  method  is  verjr  much 
to  be  recommeridedj  if  we  obtain  conftJised  ausweri!?,  especially  if  we 
ikink  the  credibiiit/  of  the  patient  is  to  be  doubted. 

As  to  the  functions  of  the  hypermetropic  eje^  we,  in  the  first  place, 
often  find  the  acuteness  of  vision  diminished*     In  the  slight  degrees 
there  is  in  this  respect  seldom  any  difference  to  be  observed,  but  in 
high  degrees  it  is  almost  exceptional  to  find  S  =  L     It  is  evident 
that  wiUi  glasses  which  neutrahse  the  hypermetropia,  the  ocatenegss 
of  vision  becomes  greatcrj  than  it  was  without  glasses  :  in  fact  by 
the  use  of  these,  the  nodal  point  is  moved  more  forwards  than  when  the 
convexity  of  the  crystaQine  lens,  increased  by  extraordinary  tension  of 
accommodation,    brings  the  focus  into  the  retina,  and  the  retinal 
itnages  therefore  become  greater  (compare  p.  152).   Even  then,  how- 
ever, in  high  degrees  of  II,  S  often  remains  below  the  iiormnL    The 
canse  of  this  diminished  acuteness  of  vision  is  to  be  cjtplaincd  partly 
from  the  structure  of  the  eye.     On  account  of  the  shorter  distance 
between  the  nodal  point  and  the  retina^  tlie  retinal  images  are  smaller 
than  in  the  emmetropic  eye,  and  this  will  in  general  continue  also 
with  the  use  of  convex  glasses,  unless  strong  glasses  are  required 
aod  these  are  held  comparatively  far  from  the  eye.     It  is  only  if  the 
slighter  optic  nerve  slioidd  possess  an  equal  number  of  nerve- fibres, 
and  the  smaller  surface  of  the  retina  should  contain  an  equal  number 
of  percipient  elements  as  in  the  emmetropic  eye,  that  the  smaller 
magnitude  of  the  retinal  images  would  be  wholly,  or  at  least  partially 
compensated;    but  we  have   no  right  to  assume  such  a  relation* 
Moreov^,  as  I  have  already  remarked,  the  hypermetropic  eye  is,  more 
than  other  eyes,  liable  to  asymmetry.     In  the  Chapter  on  Astig- 
matism, it  will  be  more  fully  explaiued  in  what  manner  the  acuteness 
of  vision  diminishes  in  con^quence  thereof,     Uere  I  shall  remark 
only,  that  even  after  the  correction  of  the  fistigmatism  and  of  the 
hypermetropia,  the  acuteness  of  vision  usually  remains  rather  con- 
siderably below  the  normal.    In  general  it  may  even  be  said,  that  when 
in  high  degrees  of  H,  the  glasses  are  also  so  placed  before  the  eye,  that 
the  retinal  images  may  be  consideretl  to  attain  the  norma!  magnitude, 
the  acuteness  of  vision,  nevertheless,  in  many  cases,  does  not  reach  the 
normal.     The  cause  of  this  we  know  not»     Probably  an  accurate 
microscopical   examination  of  the  yellow  spot  would   enable  us  to 
account  for  it. — In  addition  to  this  diminution  of  the  acuteness  of 
vision  depending  on  congenital  deviation,  an  acquired  one  frequently 
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occurs  in  hyjwrmetropia.     Thus  when  only  one  of  the  eyes  is  in  a     I 
liigh  <lcgree  hyj)ermetropic,  this  eye  is  usually  but  little  used,  and 
this  exclusion,  with  jisychical  suppression  of  the  images^  leads  to 
amblyopia.  Chiefly,  however,  when  strabismus  is  developed  in  one  eye, 
to  which  precisely  in  hypermetropia  a  special  tendency  exists  (compare 
§  24),  the  acuteness  of  vision  rapidly  diminishes  considerably,  and 
indeed  particularly  in  the  region  of  the  yellow  spot.    In  this  last  case, 
when  the  eye,  moreover,  on  closing  the  other,  no  longer  fixes,  no 
improvement  of  the  acuteness  of  vision  is  to  be  expected.     But  if 
there  l)e  no  strabismus,  or  if  the  deviated  eye,  on  closing  the  otha, 
still  looks  at  least  by  preference  directly,  that  is   with  the  yellow- 
spot,  systematic  practice   with  a   strong   positive   glass  is  almost 
always  capable  of  considerably  improving  the  sight.    It  is  then  suffi- 
cient to  practise  the  weak  eye  for  eight  or  ten  minutes  three  times 
a-day,  while  the  other  eye  is  closed,  and  with  the  aid  of  the  glass  just 
mentioned,  in  deciphering  or  reading  a  large  type.     A  great  uumber 
of  cases  justifies  me  iu  asserting  that  the  practitioner  will  seldom 
find  this  plan  to  disappoint  him. 

What  properly  clmracterises  the  vision  of  hypermetropics,  is  not  the 
diminished  S,  but  the  abnormal  refractive  condition,  which  requires 
another  use  of  the  power  of  accommodation.  After  all  that  has  been 
iJready  stated,  I  have  but  little  to  say  in  reference  to  this  point. 
It  is  understood  that  the  hypermetropic  person  begins  his  accommo- 
dation \\itli  a  deficit.  The  emmetropic  relaxes  that  power  as  much  as 
possible,  and  then  sees  acutely  at  an  infinite  distance ;  he  couvei^es 
and  accommodates  as  of  his  own  accord  for  the  distance  of  the  cou- 
vergcnce,  in  youth  up  to  six,  five,  and  four  inches  and  less ;  everywhere 
he  moves  about  in  the  middle  of  the  relative  range  of  the  accom- 
modation, which  belongs  to  the  given  convergence.  On  the  con- 
trary, the  hypermetropic  individual,  in  order  to  see  at  a  distance, 
must  already  bring  his  power  of  accommodation  into  action :  that  is 
lus  de/icit.  Commencing  with  this,  he  has  still  for  each  convergence 
to  add  as  much  range  of  accommodation  as  the  emmetropic  person. 
It  is  true  we  may  say,  that  liis  accommodation  adapts  itself  to  the 
refractive  condition  :  he  learns,  forced  by  necessity  to  practise,  with 
relatively  little  convergence  to  bring  a  relatively  great  part  of  his 
accommodation  into  action,  and  can,  finally,  even  no  longer 
omit  the  increased  tension;  but  constantly,  at  each  conver- 
gence, he  finds  himself  still  nearer  to  the  maximum  of  the 
corresponding    possible   tension,    and   both    his   absolute    and  his 
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inocular   nearest    iK)mt   lie   farther  from   the  eye  than  thej  do 
the    emmetropic    subject.      Moreover    all    this    holds    good 
the    facultative    hjrpermetropia  in    jouth :    Uie    actual    dis- 
ice    may    here    still    be    absent;   the  eyes   may  fulfil    their 
ly  requirements ;   not  a  complaint  may  be  heard.     But  with  the 
Ivance  of  years,  while  the  absolute  range  of  accommodation  dimi- 
iaheSi  the  relative,  for  a  definite  convergence,  falls  too  short :  fatigue 
m  rapidly  supervenes,  and  thus  even  in  the  slightest  degrees  of 
lypermetropia  premature  presbyopia  occurs,  which  has  more  of  the 
r  of  asthenopia,  the  higher  the  degree  of  the  ^Eicultative 
LjpeimetTopia  is,   and  the   earlier   the  age  at  which  difficulty  in 
orking  at   near  objects  seta   in. — ^The  case  is  much  worse  in 
Telative  hypermetropia.     In  it,  as  we  have  seen,  there  may  stUl  be 
accomroodation  for  parallel  and  even  for  diverging  rays,  but  only  on 
condition  that  the  eyes  converge  to  a  point,  situated  nearer  than  that 
from  which  the  rays  proceed.     Binocular  vision  and  acute  vision 
thereby  exclude  each  other.     With  one  eye,  under  excessive  conver- 
gence, there  might  be  acute  vision ;  but  generally  speaking,  no  use 
is  made  thereof,  and  if  this  takes  place,  there  is  periodical,  to  be 
followed  by  persistent,  strabismus.     In  very  young  subjects  relative 
Jiypermetropia  is  rather  unusual.  It  mu^  be  a  very  considerable  degree 

of  that  affection  which,  with  -r  =  ^  or  ^,  might  not  for  a  short 

time  be  overcome,  and  wliich  even  at  a  certain  convergence  should  not 
admit  of  sufficient  binocular  accommodation*  But  at  a  somewhat 
more  advanced  time  of  life,  even  so  early  as  in  the  twenty -fifth  year, 
many  cases  of  H  already  belong  to  this  category.  Vision  is  in  these 
cases  unfortunately  circumstanced.  Properly  speaking  it  is  never 
accurate  either  for  distant  or  for  near  objects,  and  every  cfibrt  to 
distinguish  anytfiing,  to  which  is  united  great  knitting  of  the  brow,  is 
rapidly  followed  by  fatigue.  Persons  with  such  hypermetropia  are 
always  seeking  the  distance  at  which  they  distinguish  relatively  well. 

■They  hold  the  book  now  farther  off,  then  again  closer,  sometimes  at 
only  two  or  three  inches  from  the  eye ;  but  even  if  the  print  is  large 
and  distinct,  they  quickly  end  by  throwing  the  volume  away.  Very 
bright  light  is  a  great  advantage  to  them,  because  with  a  small 
pn[Tii  the  circles  of  diffusion  become  less.  They  therefore  endeavour, 
I  Rllhough  less  generally  than  myopic  persons,  to  diminish  the  latter 
I  by  other  means,  for  example,  by  narrowing  the  space  between  the 
I  eyelids.  I  have  seen  a  boy  of  eight  years,  very  weak  and  delicate,  with 

IT 
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amblyopia  of  the  left  eye,  and  with  H  =  -„,  and  very  little  range  of 

accommodation  of  the  right  eve^  who  njsed  his  nose  to  dimi- 
nish his  pupil.  When  he  wished  to  distinguish  anything,  par- 
ticularly in  looking  at  a  distance,  he  turned  his  hemd  to  the 
right,  and  looked  with  the  right  eye  directly  along  the  noae, 
which  thus  covered  a  portion  of  the  pupil. — How  inconoeiTaibfy 
happy  we  make  such  persons  with  proper  spectacles,  which 
are  a  natural  complement  of  their  eyes,  and  have  been  bo 
long  withheld  from  them,  I  need  not  say. — ^Absolute  hyper- 
metropia  we  scarcely  ever  find  with  the  normal  accommodating 
power  of  youth.  Only  a  couple  of  cases  of  this  kind  have  occurred 

to  me :   in  the  one  the  hypermetropia  amounted  to  ^^^^9  in  the 
other  to  „  ^ .  Mv  friend  William  Bowman  has  enabled  me  to  com- 

municate  a  case  (see  p.  290),  in  whicli  glasses  of  ^i  being  employed 

for  distant  vision,  the  degree  of  H  was  =  1 :  1*7,  in  fact>  more  than 
enough  to  make  it  necessarily  absolute.  The  cases  of  absolute,  as 
well  as  those  of  the  higher  degrees  of  relative  H,  present  almost 
exactly  the  image  of  myopia,  complicated  with  amblyopia,  with 
which  they  are  therefore  confounded.  Small  print  such  hyperme- 
tropics cannot  read — they  appear,  therefore,  to  be  amblyopic, — and 
larger  type  they  can  read  only  when  it  is  very  close  to  the  eye — just 
like  myopic  persons.  From  the  latter  they  are  distinguished  by  the 
fact,  that  at  a  greater  distance  they  see  objects  comparatively 
as  well,  that  is  under  equal  angles,  as  near  ones ;  and  moreover  by  this, 
that  with  positive  spectacles  they  can  read  the  same  print  at  a  greater 
distance  than  without  spectacles.  The  enigma,  why,  while  the  eye  is 
hypermetropic,  small  objects  are  distinguished  near  the  eye  more  easily 
than  at  some  distance,  for  example,  at  that  of  one  foot,  has  been  partly 
solved  by  von  Graefe*  by  a  simple  calculation,  whence  it  appears, 
that  in  such  eyes,  on  the  approach  of  the  object,  the  retinal  image 
increases  more  in  magnitude  than  the  circles  of  diffusion,  (partly  also 
because  we  have  to  do  more  with  polyopia  than  with  simple  circles 
of  diffusion),  so  that  the  form  of  the  object  can  be  better  dis- 
tinguished. Of  the  correctness  of  this,  we  can  easily  be  satisfied, 
by  making  ourselves  strongly  hypermetropic  with  negative  glasses, 
and  then,  without  altering  the  accommodation,  bringing  large  letters 
•  Archivf,  Ophthalm,,  B.  ii.  H  1,  p.  181. 
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\9t  different  distances  before  the  eye.     We  shall  thus  distinguish 
~  aiore  easily  near  the  eye,  than  at  the  distance,  for  example,  of  one 
.>fboi.     We  will,  however,  at  the  same  time  find,  that  in  recognising 
„:  olgects  we  are  far  behind  such  hypermetropics,  whose  anomaly  of 
/  lefraction  has  the  same  degree  as  that  which  we  produce  in  ourselves. 
:  Jfci  this  there  are  different  reasons.     In  the  first  place  the  hyper- 
;  metropic  in  this  case  accommodates  as  strongly  as  possible,  in  which 
he  succeeds  admirably  by  convergence  upon  a  proximate  point; 
consequently,  too,  his  pupil  becomes  narrower ;  moreover,  by  approxi- 
mating the  eyelids  he  diminishes  still  further  the  effect  of  the  circles 
of  diffusion,  and  thus  probably  makes  a  single  image  come  forth 
more  strongly  from  their  polyopic  surface;    in  some  oases  also 
regular  astigmatism  plays  a  part  therein,  and,  finally,  he  has  by 
practice  learned  from  imperfect  retinal  images  to  deduce  the  true 
forms  of  the  objects.     In  this  manner  I  believe  we  can  explain  the 
comparatively  great  degree  of  power  of  distinguishing  very  near 
objects  possessed  by  persons  strongly  hypermetropic,  without  being 
obliged  to  take  refuge  in  a  somewhat  mysterious  faculty  of  sup- 
pressing the  circles  of  diffusion. 

From  the  above  it  follows  that  the  indication  of  the  existence  of 
slighter  degrees  of  H  is  derived  chiefly  from  the  phenomena  of 
asthenopia,  the  most  important  result  of  hypermetropia,  to  the  con- 
sideration of  which  we  now  proceed. 

§  22.  Asthenopia. 

A  peculiar  morbid  conditfon  of  the  eyes  has  long  attracted  the 
attention  of  ophthalmologists.  The  phenomena  of  which  it  is  com- 
posed are  highly  characteristic.  The  eye  has  a  perfectly  normal 
appearance,  its  movements  are  undisturbed,  the  convergence  of  the 
visual  lines  presents  no  difficulty,  the  power  of  vision  is  usually  acute, — 
and  nevertheless  in  reading,  writing,  and  other  close  work,  especially 
by  artificial  light,  or  in  a  gloomy  place,  the  objects,  after  a  short  time, 
become  indistinct  and  confused,  and  a  feeling  of  fatigue  and  tension 
comes  on  in,  and  especially  above,  the  eyes,  necessitating  a  suspen- 
sion of  work.  The  person  so  affected  now  often  involuntarily  closes 
his  eyes,  and  rubs  his  hand  over  the  forehead  and  eyelids.  After 
some  moments^  rest,  he  once  more  sees  distinctly,  but  the  same 
phenomena  are  again  developed  more  rapidly  than  before.  The 
longer  the  rest  has  lasted,  the  longer  can  he  now  continue  his  work. 
Thus,  after  the  rest  of  Sunday,  he  begins  the  new  week  with  fresh 
ardour  and  fresh  power,  followed,  however,  by  new  disappointment. 
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If  he  is  not  occupied  with  looking  at  near  objects,  the  power  of 
vision  appears  to  be  normal,  and  every  unpleasant  feeling  is  entirely 
absent.  If,  on  the  contrarj-,  he  endeavours,  notwithstanding  the 
inconvenience  which  arises,  by  powerful  exertion  to  continue  dose 
work,  the  symptoms  progressively  increase :  the  tension  above  the 
eyes  gives  place  to  actual  pain,  sometimes  even  slight  redness  and  a 
flow  of  tears  ensue,  everything  is  diffused  before  the  eyes,  and  the 
patient  now  no  longer  sees  at  first  well,  even  at  a  distance.  After 
too  long-continued  tension,  he  is  obliged  to  refrain  for  a  long  time 
from  any  close  work.  It  is  remarkable  that  pain  in  the  eyes  them- 
selves, even  after  continued  exertion,  is  of  rare  occurrence. 

At  first  this  condition  was  considered  as  a  sort  of  amblyopia.  It 
was  called  hehetudo  visus,  amblyopia  presbyiique,  or  amblyopie  paf 
presbytie.  By  degrees  the  cause  was  sought  more  and  more  in  the 
organs  of  accommodation,  at  first  in  the  action  of  the  external 
muscles,  subsequently  in  that  of  the  internal  muscular  elements ;  and 
in  the  same  measure  was  the  importance  of  the  retina  thrown  into 
the  shade.  Excessive  tension  of  accommodation  was  looked  upon 
as  a  satisfactory  cause  of  the  troublesome  symptoms  which,  it  was 
hoped,  might  be  overcome  by  rest. 

Evidently,  however,  when  it  was  supposed  that  the  origin  of 
asthenopia  was  thus  explained,  the  facts  were  overlooked  that 
thousands  in  like  manner,  sometimes  in  a  still  higher  degree,  put 
their  power  of  vision  upon  the  stretch,  without  being  visited  by  the 
troublesome  phenomena  of  asthenopia  or  impaired  vision,  and  that, 
on  the  other  hand,  these  phenomena  not  unfrequently  occur  in 
men,  nay,  even  in  children,  who  had  exacted  but  little  from  their 
power  of  vision. 

Since  the  same  cause  does  not  produce  in  every  one  the  same 
deviation,  writers  are  accustomed  to  take  refuge  in  2^  peculiar  pre- 
disposition. Thus  the  difficulty  is  set  aside.  But  if  the  foundation 
of  this  peculiar  predisposition  be  dark  and  obscure,  pathogeny  has 
gained  but  little  from  the  adoption  of  this  course.  I  therefore 
felt  called  upon  to  propose  to  myself  the  question,  on  what 
the  so-called  predisposition  to  asthenopia  (so  the  condition  was  now 
more  generally  called)  might  depend,  and  I  soon  became  convinced, 
that  a  congenital  deviation,  namely,  a  moderate  degree  of  hyper- 
metropia,  is  at  the  bottom  of  it.  The  hypermetropia  is  here,  how- 
ever, more  than  predisposition.  The  asthenopia — I  mean  the  ten- 
dency to  fiatigue  in  looking  at  near  objects— is  already  wholly  in- 
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duded  therein.  Every  hypermetropia  which,  with  reference  to  the 
range  of  accommodation^  has  attained  a  certjiiu  degree,  is  at  the 
saLine  time  astheiiopia*  If  the  symptoms  sometimes  do  not  manifest 
themsetves  until  twenty-five  years  of  age,  or  even  kter,  this  is  to  be 
ascribed  merely  to  the  fact^  that  previously  the  range  of  acoommoda- 
tion  vras  sufticicntly  great,  easily  to  overcome  the  existing  degree  of 
hypermetropia.  We  should  beware  of  confounding  the  exciting  dr- 
cujnstanoe  with  the  cause  of  the  affection.  The  exciting  circumstance 
of  the  phenomena  coui^ist^  iu  continued  tension  in  looting  at  near  ob- 
jects ;  the  cause,  on  the  contrary,  is  the  hypermetropic  structure  of  the 
eye.  In  fact,  asthenopia  is  not  the  fatigue  itself,  but  the  want  of  power, 
through  which  the  fatigue  occurs.  The  distinction  made  here  is  appli- 
cable to  other  conditions.  When  a  person  going  up  hill  is  soon  ex- 
hausted, the  exertion  is  indeed  the  exciting  circumstance  of  the 
weariness,  bat  the  cause  is  to  be  sought  in  the  slight  energy  of 
tlie  muscles  with  reference  to  the  weight  of  the  body.  This  dispropor- 
tioii  exists  at  all  times,  although  the  person  ascends  no  hills.  By 
practice  it  wdl  even  be  partly  overcome,  and  only  after  repeated 
excessive  exertion,  without  sufficient  intermission,  does  the  fatigue 
occur  still  earlier  than  before.  Just  so  is  the  relation  of  hypermetro- 
pia  to  asthenopia :  after  each  excessive  exertion  longer  re^t  is  required ; 
but  total  want  of  practice  makes,  on  the  first  effort,  the  phenomena 
follow  still  more  quickly.     Tlie  analogy  is  perfect. 

I  have  already  asserted  that  hypermetropia  is  usually  at  the  bottom 
of  asthenopia.  The  truth  of  this  assertion  has  been  doubted.  I 
now,  however,  go  a  step  further,  and  venture  to  maintain,  that  in 
the  pure  form  of  asthenopia  hypermetropia  is  scarcely  ever  wanting. 

The  doubts  which  were  expressed  are  to  be  ascribed,  on  the 
one  hand,  to  insufficient  iuvestigation, — ^  observers  sometimes 
found  no  Hm,  and  neglected  to  examine  whether  the  H  was 
suppressed  by  accommodation;  on  the  other  hand,  to  confusion 
with  other  morbid  forms.  I  readily  admit,  that  many  ditferent 
conditions  were  included  under  the  name  of  hebetudo  or  asthenopia. 
When  inconvenience  was  felt  on  continued  exertion,  this  appeared  to 
some  sufficient  to  justify  the  inference  that  asthenopia  existed.  On 
this  account  different  forms  of  irritation,  congestion  in  myopic  eyes, 
sthesia  of  the  eye,  with  increasing  pain  on  exertion,  different 
of  the  retina  and  of  the  choroid,  nay  even  the  begimiing  of 
trachoma,  and  foreign  bodies  in  the  sac  of  the  conjunctiva,  might 
all  be  united  under  one  denomination.     But  I  cannot  concur   in 
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the  adoption  of  sncli  a  primitiye  semeiotic  method.  It  leads 
inevitably  to  confnnon  of  ideas  and  of  conditions.  When  I 
asserted  that  asthenopia  is  the  result  of  the  hypermetropic 
stracture  of  the  e)^,  I  was  thinkings  not  of  a  symptom^  but  of  a 
portrait  of  disease^  such  as  has  been  drawn  above,  and  in  this  sense 
I  can  fully  maintain  my  assertion.  In  general,  if  the  portrait  be 
faithfully  and  perfectly  copied  from  nature,  we  run  little  risk  of  find- 
more  than  one  condition,  to  which  it  applies. 

Now  that  it  has  actually  been  shown,  that  asthenopia  depends 
on  H,  it  appears  to  be  so  natural  a  result  of  the  latter,  that  the  in- 
ference evidently  suggested  itself  i  priori.  Extraordinary  toision 
of  accommodation  is  required  by  the  ordinaiy  employments  of 
young  eyes.  From  youth  the  eye  adapts  itself  to  these  requisites, 
so  far  as  it  is  able  to  do,  so  that  the  range  of  accommodation 
alters  its  margin  and  the  H  becomes  in  part  even  latent.  But, 
in  spite  of  all  this,  it  finally  falls  too  short.  The  diminution  of 
the  range  of  accommodation  with  the  time  of  life  explains  it  satis- 
factorily. The  asthenopia  then  gradually  sets  in,  at  first  only  under 
less  favourable  conditions  of  illumination,  and  extraordinary  exertion 
or  headache,  subsequently  on  all  occasions  and  without  exception 
when  close  work  is  performed  even  for  only  a  comparatively  short 
time.  In  general  the  symptoms  of  asthenopia  show  themselves  the 
earlier,  the  liigher  the  degree  of  H  is,  on  which  they  depend.  I  found 
the  year  of  life  at  which  the  asthenopia  begins  to  be  about  equal  to  the 
denominator  of  the  fraction  by  which  the  degree  of  H  is  expressed : 

with  H  =  =-^  we  may  expect  the  commencement  of  asthenopia  in 
the  t^nth  year,  with  H  =  5;:     not   until   the   25th  year.       With 

H  =  ^  it  in  the  fortieth  year  nearly  coalesces  with  the  presbyopia, 

and  the  symptoms  are  then  less  characteristic.  Finally  where  H  is 
absent,  presbyopia  is  developed,  as  we  have  above  seen  (p.  215), 
not  with  the  complaint  of  fatigue,  but  with  that  of  defective  vision 
for  near  objects.  The  cause  of  this  is  evident.  Asthenopia, 
namely,  depends  upon  the  fact,  that  not  only  at  a  distance 
of  6,  8,  and  10  inches,  but  likewise  at  that  of  12",  16'',  and 
20',  and  even  at  an  infinite  distance,  acute  nsion  takes  place  only 
with  special  eflbrt  of  the  power  of  accommodation.  In  the 
commencement  of  presbyopia  in  a  normal  eye  on  the  contrary,  vision 
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at  S'  is  absohttelj  impossible,  but  at  12*%  or  at  least  at  W\  it  takes 
place  without  special  exertioOj  and  at  a  great  distance  the  weakest 
positive  glass  has  even  an  injurious  elT*fct.  The  hypermetropic  eye 
19  therefore  little  or  not  at  all  benefited,  by  removing  the  object 
le  inches  further ;  the  presbyopic,  on  the  contrary,  is  thereby 

ieved  of  all  extraordinary  exertion.  The  furmer  is  obliged  to 
cease  working ;  the  latter  continues  to  work  without  trouble,  pro- 
vided the  \4snal  angle  nt  the  distance  of  16"  is  not  too  small. 
While,  even  at  the  commencement  of  the  exert  ion  j  the  presbyopic 
eye  sees  distinctly  only  at  a  greater  distance,  the  need  of  spectacles, 
to  make  vision  at  a  shorter  distance  possible,  is  evident.  In  the 
hvpermetxopic  eye,  on  the  contrary,  there  may  at  lirgt  be  very  acute 
vision  for  near  objects  :  the  need  of  spectacles,  which  would  in  this 
case  serve  to  make  vision  at  an^  distance  easier^  was  therefore  often 
overlooked. 

For  this  difference  between  presbyopia  and  hypermetropia,  the 
relative  range  of  accommodation  of  the  normal  eye,  in  iucipient 
presbyopia,  sufficiently  accounts.  Beyond  the  binocular  nearest 
point,  in  incipient  presbyopia,  the  positive  part  of  the  range 
in  question  rapidly  increases  rather  considerably,  while  in  the 
hypermetropic  individual  it  increases  only  slowly,  and  at  each  con- 
vergence remains  a  very  subordinate  part.  But  neither  in  this  also 
is  everything  included.  I  started  provisionally  from  the  supposition, 
that  in  the  same  eye,  for  traversing  equal  parts  of  tlie  range  of 
accommodation,  equal  exertion  of  the  muscular  system  is  required. 
But  this  is,  however,  far  from  being  perfectly  true.  Both  the 
complicated  mechanism  and  the  mode  of  action  of  tbe  effect  obtained 
render  it  almost  inconceivable,  that  this  exact  proportion  should 
ever  exist.  But  particularly  in  presbyopic  persons,  whose  crystalline 
lens  has  become  firmer  and  has  gradually  shifted  forwards,  this 
proportion  is  by  no  means  to  be  expected.  The  result  thereof  is 
this :  that  in  comparison  to  its  magnitude,  the  positive  part  of  the 
relative  range  of  accommodation  in  the  presbyopic  individual  rei>re- 
JMDts  more  muscular  tension  than  the  negative  part,  and  that 
^Burefore  in  the  latter  the  relation  between  these  two  parts  may  be 
more  unfavourable  than  in  the  youthful  eye,  and  may  yet  not 
produce  fatigue  so  early. 

The  condition  for  the  occurrence  of  asthenopia  may  dow  be  stiU 
more  generally  formulized  :  it  is  the  presence  of  a  rather  considera- 
ble, but  at  the  same  time  insufficient,  range  of  accommodation »   Now 
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in  gcutTsl  this  insafficiencr  is  mUdbatiible  to  H,  hb  has  been  fiiH: 
explained.     But  it  roaj  proceed  also  from  want  of  energy, 
last  occurs  exceptionallj^  esipeciallj  in  general  weakness,  from  loss 
of  blood  or  otherwise,  and  in  paresis*      In  both  these  condition* 
there  is  this  peculiarity,  that  a  brief  but  rather  powerful   nmscnlar 
exertion  is  possible,  but  that  the  energy  employed  is  almost  imme- 
diaiely  lost.     We  observe  this  in  all  muscles,  and  it  is  true  also  of 
those  of  the  eye.    A  faalf-pandyzed  arm  is  still  raised  with  force,  biit 
it  immediately  falls  powerless :  a  single  idmost  spasmodic  contraction 
has,  as  it  were,  exhausted  the  muscular  power.     In  like  manner  thi^^ 
eye  is  accommodated,  for  a  moment,  to  a  rather  near  point,  but  ^^^M 
taxation  forthwith  ensues,  and  persistent  tension  is  impossible,     W^H 
now  easily  understand,  how  under  weakening  influences,  for  example, 
after  eihausting  diseases,  after  loss  of  blood,  phenomena  manifest 
themselves,  which  have  the  greatest  resemblance  to  those  of  asj^d 
thenopia   in   consequence   of  H.      These  phenomena    occur  witlH 
especial  rapidity  and  characteristically,  when  a  dight  d^ree  of  H 
exists,  which  on  an  energetic  accommodation  was  hitherto  still  easily 
overcome.     The  same  is  true  of  paresiis  of  accommodation,  as  will 
hereafter  be  explained.     If  in  these  cases  the  H  be  entirely  absent, 
the  condition  is  distinguished,  among  other  things,  from  ordinary 
asthenopia,  by  the  fact,  that  now  at  least  vision  at  a  distance  is 
possible  without  tension  of  accommodation,  and  therefore  persis- 
tently.    In  H  this  is  not  the  case.     Of  course,  the  phenomena  are 
developed   Ihe    more  rapidly,  the  closer  to    the  eye    the    objects, 
must  be  seen,  (for  its  proximate  binocular  point  even  the  powes^H 
fully  aerummodating  emmetropic  eye  is  asthenopic) ;  but  even  ii^^ 
looking  at  a  distance,  the  phenomena  of  asthenopia  would  in  the 
hypermetropic  not   be  absent,   if  there  were  necessity  to    accom- 
modate accurately  for  a  long  time  uninterruptedly  for  distant  objects. 
I  am  convinced  tliat  the  asthenopic  person,  who  states    that    he 
experiences  no  trouble  in  ordinary  life,  and  that  he  sees  well  at  a 
distance,  in  turns  relaxes  his  accommodation,  and  is  only   thus   pre- 
served from  fatigue.  Accordingly  some,  as  even  Mackenzie  remarked, 
state  too,  that  remote  objects  also  on  being  fixed,  sometimes  become 
indistinct.     Now  this,  I  repeat,  is  inconsistent  in  emmetropia,  eve^^ 
when  the  power  of  accommodation  has  quite  lost  its  enei^y.  ^| 

There  are  still  other  morbid  states,  whose  symptoms  have  som^l 
resemblance  to  those  of  asthenopia.      To  these  belong  especially 
insufficiency  of  the  internal  recti  muscles,  which  von  Graefe*  has 
•  Archivf.  OphihalmGtoffie^  B*  iii. 
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studied  witt  such  excellent  results,  and  to  which  1  shall  revert  in 
speaking  of  the  movements  of  the  myopic  eye,  where  this  iiisiifTiciency 
is  more  particularly  apt  to  occur,  This  form  was  distinguisihed  by 
von  Graefe,  under  the  name  of  asthenopia  mu.«^ularis,  from  that 
here  described,  which  may  be  called  the  accommodative  asthenopia. 
— In  astigmatism  too,  we  shall  find  phenomena,  resembling  those 
of  asthenopia.  I  shall  endeavour,  in  the  proper  place,  to  examine 
how  far  special  pecnJiarities  characterise  each  of  tliese  morbid  forms. 
An  emmetropic  person  can  easily  form  an  idea  of  the  vLiion  of 
the  hypermetropic,  and  of  the  conditions  and  phenomena  of  asthe- 
nopia, by  making  his  own  eyes  hypermetropic  by  means  of  the 
negative  glassea  required  for  that  purpose.  The  only  condition 
neccawy  is,  that  he  have  a  tolerably  good  accommodating  power. 
The  t«idency  to  bring  this  into  action  takes  place  immediately,  and, 
as  it  were,  involuntarily.  At  a  certain  strength  of  the  negative  glass 
he  sees  distinctly  and  acutely  by,  at  each  angle  of  convergence, 
increasing  his  accommodation  with  the  degree  of  the  produced  IL 
But  fatigue  will  ensue,  and  he  will  easily  satisfy  himself  of  the  diffi- 
cnltjT  of  continuing  to  see  accurately  also  at  a  distance.— The  young 
myopic  individual  needs  only  to  take  too  strong  negative  glasses,  in 
order  to  bring  liimself  into  the  same  state.  If  the  myopic  person 
have  somewhat  exceeded  his  fiftieth  year,  he  needs  only  to  neu- 
tralise his  myopia  in  order  to  observe  in  himself  the  phenomena  of 
presbyopia :  for  those  of  asthenopia  he  has  then  lost  the  capacity. 

It  will  have  been  evident  to  the  reader,  that  the  phenomena  of 
asthenopia  proceed  from  nothing  else  than  from  fatigue  of  the 
Hilar  system  of  accommodation.  In  what  this  fatigue  consists 
'ves  to  be  more  closely  examined. 

In  my  investigations*  respecting  the  elasticity  of  muscles^  I  have 
distinguished  two  forms  of  fatigue. 

One  form  proceeds  from  the  actual  energy,t  produced  by  the 
muscle.  The  work  consists  in  the  moving  of  a  load.  The  load 
may  be  the  body  itself  or  some  part  of  the  body,  which  ia  moved, 
or,  in  addition  thereto,  an  object  external  to  the  body. 

Distinguished  from  this  is  the  fatigue,  which  is  the  result  of  the 
simple  extension  of   an  elastic  muscle  in   a  state  of  contraction, 

•  8e€  the  preliminary  communication  in  Verslagen  en  tnededeelingen  dcr 
KonmMijke  Akadamie  van  Wetenschappvn,  1859,  D.  ii.i  p.  113. 

"    t  1  use   the  terms  of  Mr.  llankine,  adopted  also  by  Mr  John  Tyndmll 
(Htat  considered  as  a  mode  ofmotifiu.     L'Jiidon,  1863,  p.  137.) 
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This  takes  place  when  a  burden  is  held,  without  being  moved,  u, 
for  example,  when,  with  the  arm  bent  at  a  right  angle  at  the  elbow- 
joint,  the  hand  is  loaded  with  a  weight :  the  arm  and  the  weight 
remain  in  the  same  place,  and  yet  fatigue  soon  occurs.  At  the 
moment  when  the  weight  was  placed  in  the  hand,  some  actual  energy 
(chemical  action  in  the  muscle)  was  indeed  required  to  make  the 
arm  continue  in  the  same  position :  the  muscles  (mm.  biceps  et 
brachialis  intemus)  had  to  contract  more  strongly,  in  order  in  the 
state  of  extension  induced  by  the  weight,  to  remain  as  short  as 
before,  and  the  actual  energy  (the  chemical  action)  was  thus  con- 
verted into  a  potential  energy  (elastic  tension).  Moreover,  the  mus- 
cular contraction  gradually  increases  as  much  as  the  greater  exten- 
sibility, accompanying  the  increasing  fatigue  of  the  muscles,  requires. 
It  has,  in  fact,  been  proved  that,  accordingly  as  the  musde  becomes 
more  fatigued,  its  extensibility  increases,  and  this  increasing  extensi- 
bility gradually  requires  augmenting  contraction,  in  order,  under  the 
extending  action  of  the  same  load,  to  keep  the  muscle  as  short  as  it 
was.  This  is  evident  from  the  fact,  tliat  on  the  unexpected  removal 
of  the  load,  the  arm  bends  involuntarily,  as  a  result  simply  of 
the  previous  extension  of  the  elastic  contracted  muscle, — the  more 
strongly,  the  longer  the  weight  has  rested  on  the  hand;  and  in 
that  involuntary  motion  of  the  arm  the  potential  energy  of  the  ex- 
tended muscle  again  becomes  actual.  Finally,  also,  there  was  con- 
tinually some  actual  energy  in  the  oscillations  of  the  electric  currents, 
composing  the  negative  deflection  of  the  tetanized  (contracted) 
muscles  and  nerves,  and  most  likely  converted  into  heat.  It  was 
therefore  under  more  than  one  mode  that,  without  external  pheno- 
mena having  been  visible,  some  enei^  was  actual,  while  arm  and 
weight,  unaltered,  occupied  the  same  place.  But  that  energy,  in 
its  different  modes,  seems  to  be  very  small  in  comparison  to  the 
often  repeated  lifting  of  the  same  weight.  I  therefore  think  the 
fatigue  proceeding  from  the  performance  of  labour,  must  be  distin- 
guished from  that  arising  from  simple  extension.  According  to  the 
law  of  the  conservation  of  energy,  we  may,  in  the  first  case, 
expect  more  metamorphosis  of  matter  in  the  organism.  The 
acceleration  of  the  heart's  action  appeared  to  me  to  be  the 
measure  thereof.  I  foimd,  in  fact,  that  when  a  weight  is  held 
during  some  minutes  resting  on  the  hand  of  the  bent  arm,  the  pul- 
sation of  the  heart  is  much  less  accelerated  than  when,  during  an 
equal  space  of  time,  the  weight  is  alternately  taken  off  by  another, 
and  with  extended  arm  placed  again  upon  the  hand,  and  now  by 


THEORIES  OF  FATIGUE. 


267 


flexion  raised  once  more  to  the  ori^tial  beight.  Tlie  feeling  of 
fatigue  in  the  muscle  is,  however,  in  the  hitter  case  not  greater  than 
in  the  former. 

In  explanation  of  the  fatigue,  which  is  the  result  of  the  perform- 
ance of  labour^  we  may  take  refuge  m  an  accumulation  of  products  of 
metamorphosis  of  matter  in  the  muscular  tissue^  which  reall)  goes 
hand-in-hnnd  with  it.  The  fatigue,  proceeding  from  extension, 
under  the  influence  of  a  load  not  further  moved,  may,  partly  at  least, 
have  another  source.  Thus  the  extension  might  give  rise  to 
pressure  on  the  nerve-filaments  in  the  muscle  t  in  fact,  without  the 
extension  by  a  load,  fatigue  does  not  arise  in  the  muscle,  though 
cxintracted  in  an  equal  degree.  Probably,  however,  it  depends?  partly 
also  on  an  increase  of  the  products  of  the  metamorphosis  of 
mailer  in  the  muscular  tissue,  produced  not  so  much  by  an  acce- 
leffttted  formation,  as  by  retarded  elimination.  Indeed,  in  uninter- 
rupted contraction  the  vessels  are  compressed  and  the  circulation  is 
impeded,  while  in  motion  from  muscular  action  the  latter  is  excited 
and  accelerated.  That  accumulation  of  products  of  metamorphosis 
13  co-operative,  is,  moreover,  admissible,  because  in  both  cases  the 
coefficient  of  elasticity  of  the  muscle  decreases, — which  coeflScicnt 
may,  I  think,  be  connected  with  the  presence  of  some  products  of 
metamorphosis  in  the  nutritive  fluid  of  the  muscle.  But  this  is  not 
the  place  to  enter  more  fully  into  this  question.  It  is  sufficient 
ta  have  directed  attention  to  the  distinction  to  be  made. 

Now,  to  which  form  of  fatigue  does  that  belong,  which  arises 
from  persistent  accommodation  for  accurate  vision  in  the  hypirrae- 
tropic  eye  ? 

Evidently  w^e  have  here  to  do  with  persistent  extension  of  the  muscle 
in  a  state  of  contraction.  The  extension  is  the  result  of  the  resistance 
exercised  by  the  parts  involved  in  the  accommodation,  wliile  their  form 
and  position  undergo  a  change.  By  virtue  of  elasticity  they  resume 
their  original  form  and  position,  so  soon  as  the  contraction  of  the 
internal  muscular  system  of  accommodation  ceases,  The  lattjer  must, 
therefore,  in  order  to  produce  persistejit  accommodation,  be  in  a  state 
of  permanent  contTaction.  This  pertruinent  contraction  causes 
fatigue,  and  tiie  fatigue,  promoted  by  extension,  increases,  as  was 
above  remarked,  the  extensibility  :  in  consequence  of  this  law,  the 
contraction  must  be  always  increasing,  in  order  to  keep  the  muscle 
eqnally  short  and  to  make  it  permanently  exercise  the  same  force 
(in  equilibrium  with  the  resistance)*  Sooner  or  later  therefore  the 
Eatipie  must  pass   into    powerlessneG^e.      A  moderate  contraction, 
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such  as  is  required  in  the  normal  eye,  may  be  kept  up  without  fatigue 
for  almost  an  entire  day,  A  degree  of  contraction  is  even  possi- 
h\t,  at  which  the  recovering  power  of  the  muscle  removes,^flri/?aMi», 
the  fatigue  proceeding  from  contraction :  the  extensibility  in  that 
case  does  not  increase.  This  applies  particularly  to  involuntan- 
muscleaj  consisting  of  fibre-celle^^  to  wliich  (at  least  in  mammalia)  the 
iutenial  muscles  of  the  eye  belong.  But  where  hypermetropia  exists, 
such  a  degree  of  contraction  is  required,  that  increasing  fatigue^ 
length  proceeding  to  complete  loss  of  energy,  cannot  long  be  absent 
Thus  all  the  phenomena  of  asthenopia  are  readily  explained.  It 
seems  to  me  that  there  is  therefore  no  reason  for  re»ortiag  in  addi- 
tion either  to  the  condition  and  the  function  of  the  retina,  or  to 
pressure  of  the  fluids,  or  to  obstruction  to  the  circulation. 

To  fatigue  through  work,  as  has  been  above  said,  the  same  law 
IS  applicable :  here,  t4>o,  the  coefficient  of  elasticity  diminishes;  here, 
too,  the  extensibility  is^  therefore  increased.  Actual  work  is  done  by 
the  muscular  system  of  accommodation,  when  the  cje  is  accommo- 
dated alternately  for  different  distances.  This,  however,  need  scarcely 
ever  take  place  to  such  a  degree  as  to  give  rise  to  fatigue. 

Wliat  are  the  results  of  continued  exceasive  tension  of  accommo- 
dation in  asthenopia  ? 

In  former  yearsj  especially^  the  most  fearful  consequences  were  pre- 
dicted from  it.  Asthenopia  was  considered  to  be  the  tirst  stage  of,  or  at 
least  to  be  iiitiraately  related  to,  amblyopia,  and  the  latter^  it  was  sup- 
posed, threatened  the  destruction  of  the  astheiiopic  eye,  if  it  was  not 
condemned  to  almost  absiolute  rest.  Precisely  the  mode  of  treatmeiit  ofjHJ 
oculists^  in  giving  asthenopics  no  spectacles  or  insufficient  spectacles,"| 
liAS  placed  me  fairly  in  a  position  to  satisfy  myself  of  the  unfounded 
nature  of  their  fears,  I  have  seen  hundreds  of  astheuopic  patients, 
who  from  youth  op  to  their  30th  or  4rOth  year,  some  to  an  advanced 
period  of  life,  had  every  day  anew,  without  spectacles,  or  with  too 
weak  spectacles,  obstinately  pushed  the  tension  of  accommodation 
to  the  uttermost,  and  I  have  never  seen  a  diminution  of  the  acute- 
ness  of  vision  arise  from  such  a  course*  It  appears  also,  tlmt  in  H 
a  certain  immunity  against  many  kinds  of  diseases,  which  threaten 
the  power  of  vision,  actually  exists  j  it  is  certain,  that  by  excessive 
tension  of  accommodation  the  retina  is  not  brought  into  danger, — 
In  rare  cases,  perhaps  in  one  in  a  thousand,  I  have  obser\'ed  that 
on  every  effort  to  see  near  object^?,  almost  immediately  \iolent  pain 
arose  in  the  eye,  evidently  connected  w^ith  the  contraction  of  the 
muscles  of  accommodation.     Tliia  painful  spasm  made  it  necessary 
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for  the  patient  directly  to  refrain  from  work.  Nor  did  the  use  of 
spectacles  avail  liim,  for  in  each  case  near  objects  were  seen  with 
convergence,  and  the  tension  of  accommodation  connected  with  this 
convergence,  was  sufficient  to  excite  the  pains.  These  remarkable 
cases,  the  cure  of  which  was  obtained  by  the  regular  instillation  of 
sulphate  of  atropia,  which  completely  excluded  the  accomoiodation, 
while  strong  glasses  meanwhile  renclered  work  possible,  I  shall 
have  to  describe  more  fully  in  spewing  of  the  anomahes  of  accom- 
modation. 


Aa  evident  proof,  that  Doitlier  tho  nature  nor  the  oaiiBea  of  the  phenomctia 
of  asthenopia  had  been  fully  ascertained,  notwithstanding  many  endeavours 
to  inirestigate  them,  is  to  he  found  in  the  host  of  natDes  by  which  this  con- 
dition has  been  designated  by  different  writers.  Thej  are  almost  innumerable : 
dthiiitoi  visits  of  Taylor,  ttmblifopia  a  topica  retina  atonia  of  Plenc1c,  affaiblme^ 
meni  dt  la  vue  of  Wenzel,  OesichUschwUche  or  hebetudo  tiius  of  Jiingken, 
nesM  of  tight  of  Stey enaon,  deboliezza  di  viita  per  stanchczza  di  nervi  ot 

arpa^  dimness  of  vision  of  Middlemorei  visus  evantdus  of  Walther,  impaired 
"SfiOTi  of  Tyrrel,  amaurosis  muscuhris  of  J.  J.  Adams,  affection  of  the  retina 
Jtimi  excessive  employment  of  Lawrence,  fassitudo  ocukirit  or  disposition  a  la 
faiitpte  des  yetix  of  Bonnet,  kopiopie  or  ophtbalmokopie  of  P^trequio,  Schwdche 
der  Augen  of  Chelius,  amblyopic  par  presbyHe  on  presb^iitjue  of  Sichcl,  languor 
9€uU  of  Arlt,  slowly  adjusting  sight  of  8mee^  impaired  vision  from  o^erwttrk 
of  Cooper,  and  perhaps  many  others  still. 

Oar  knowledge  of  asthenopia  commenoed  with  that  of  the  phenomena  of 
the  ailection.  By  degrees  the  description  thereof  became  more  true  and 
more  accurate,  and  what  did  not  belong  to  it  was  separated  from  it«  Tt  is 
evident  that  in  a  condition  such  as  this,  constituting  a  part  of  the  iloating 
idea  of  weakness  of  vision,  occurring  with  many  complications,  and  presents 
ing  numerous  varieties,  according  to  the  time  of  life  and  the  use  made  of  the 
eyes,  there  was  great  diflicnlty  in  sketching  a  typical  picture,  so  long  as  the 
eaiue  of  the  leading  feature  of  the  aHVetiuii^  and  therefore  its  nature,  were 
unknown.  So  it  was  possible  that  although  even  Taylor*  had  given  a 
good  sketch  in  the  following  words : — "  dantur  exempla,  ubi  statim  ab 
initio  leotionis,  et  post  earn,  littene  confuse  permixtue  videantur,  et  hino 
legentes  a  leotione  prohibeanturv  quod  etiam  acu  subtili  nentibus,  vel  aJiud 
quodcunque  negotium,  ejusmodi  longam  axeos  directionem  eertum  versus 
objectum  quoddam  requirons,  tractantibus,  accidere  solet,"  the  well-defined 
lineametits  of  the  picture  were  again  obliterated  by  unessential  phenomena 
and  mixed  up  with  those  of  amblyopia.  According  to  this  the  cause  of 
the  affection  was  now  generally  sought  in  the  retina  or  in  the  ch«>rioidea. 
That  Plenckf  was  inclined  to  this  opinion,  isatonoe  evident  from  the  name  he 

•  Taylor^  Nova  Nosographia  Ophthaimica,  $  189,  p.  151,  Hamburgi  et 
Lipsiset  1766, 

t  Plenk,  Doctrina  de  morhis  oculorum^  p,  188*     Vicnnoe,  1702 
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gave  it  of  amUtfopia  a  lopiea  retinteaionla.  Scarpa*  sees  in  the  affection  fatigne 
of  the  nerves,  especially  of  those  which  hare  direct  reference  to  virion ;  and  if 
the  picture,  sketched  by  Beerf,  was  to  be  conridered  as  sufficiently  bhane- 
teristic,  we  might  say  also  of  him,  that  he  ascribes  the  disturbance  to  a  wesk- 
ness  of  the  retina,  or  to  a  change  in  its  structure.    Without  determining  the 
nature  of  the  affection,  Lawrence  X  also  states,  that  this  is  to  be  sought  in 
the  retina,  perhaps  primarily  in  the  chorioidea,  but  still  he  dearly  shows 
that,  while  the  acuteness  of  vision  is  perfect,  it  has  been  incorrectly  classed 
together  with  amblyopia,  and  Tyrrelf  endeavours,  rather  bj  number  than 
by  force  of  arguments,  to  prove  that  a  preceding  congestion  of  the  chorioidea 
is  the  primary  cause  of  asthenopia,  which  congestion  might  even  pass  into 
chorioiditis.     At  first  Sichel ;;  is  yet  farther  from  the  truth :  he  looks  upon 
the  affection  as  the  beginning  of  amblyopia, ''  le  premier  degr^  d'amblyopie 
oh  le  malade  voit  parfaitement  ou  presque  parfaitement  bien,  mais  oil  la  vue 
ne  supporte  pas  la  moindre  fatigue  et  se  trouble,  d^  que  le  malade  applicpie 
les  yeux  pendant  quelque  temps  ou  memo  pendant  quelques  minutes.*' 
JiingkenK  still  distinguishes  his  kehetudo  visu9,  of  which  he  asanmaa  not 
less  than  ten  varieties,  from  the  proper  amblyopia,  and  remarks  very  justly, 
that  it  is  distinguished  from  the  amblyopias  by  the  fact,  that  in  the  latter 
**  the  power  of  vision  has  already  suffered,  that  the  patient  in  general  can 
no  longer  distinctly  recognise  objects,  which  in  weakness  of  right  (asthenopia) 
is  by  no  means  the  case  ;'*  but  he  adds:  "this  latter  may,  however,  pass 
into  amblyopia,  and  this  is  usually  the  case,  if  its  causes  are  not  removed." 
It  is  by  Bonnet  {Gazette  medicale  de  Parity  4th  September,  1S41),  and 
particularly  by  P6trequin  {Ann,  (TOcul'ut.^  v.  p.  250,  and  vi.  p.  72,  1S41  and 
1842],  that  we  first  find  the  retina  excluded,  and  the  primary  cause  of 
asthenopia  sought  in  the  muscular  organs  of  the  eye,  especially  in  those  of 
accommodation.     The  external  muscles  were  by  them  put  most  prominently 
forward,  and  being  too  much  preoccupied  with  the  idea  of  tenotomy,  in  order 
to  cure  the  asthenopia,  they  thought  more  of  an  injurious  pressure  of  the 
muscles  than  of  fatigue.  Mackenzie,**  too,  comes,  in  his  remarkable  treatise, 
to  the  conclusion,  ** que  ce  sont  les  organes  ou  lorgane  d'ajustement,  qui 
sent  affectes  dans  cette  maladie,  et  qui   en  sont  probablement  le  8i6ge 
principaL"     Perhaps  he  would  have  ventured  to  exclude  the  retina ;  but 
he  thought  he  had  observed,  that  myopics  also  are  subject  to  asthenopia, 


*  Scarpa,  Trattato  delle  prmcipale  MaUittie  (htjli  Occhi,  Vol.  ii.  p.  241. 
Pavia,  1816. 

t  J.  G.  Beer,  Lehre  von  den  Augenkrankheiten,  Theil  ii.  p.  17.  TVien,  1817. 

X  Lawrence,  Treatise  on  the  Diseases  of  the  Eye,  p.  566.    London,  1841. 

§  Tyrrel,  Practical  Work  on  the  Diseases  of  the  Eye,  Vol.  ii.  p.  25. 
London,  18*10. 

II  Sichel,  Traits  de  rophthalmie,  Ui  cataracte  et  ramaurose,  p.  646. 
Paris,  18;i7. 

H  Jiingken,  Die  Lehre  von  den  Augcnkrankheiten,  p.  780.     Berlin,  1832. 
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and  that  convex  glaaaes  do  not  protect  the  wearer  agalDst  Attacks  of  that 
affection.  Ebewhefe  {Practical  Treatite^  1854,  p,  984,  4th  edition),  we  read 
a^ain :  "Were  it  entirely  ft  disease  of  the  apparatus  of  accommodation, 
looking  throtigh  a  small  aperture^  by  making  the  use  of  the  accommodating 
power  unnecessary  for  the  limo,  would  make  vision  distinct."  It  hence 
appeared  perfectly  logical,  not  to  seek  the  seat  of  ihe  affection  simply  in  the 
accommodation.  The  obaervatiou  was,  however,  incorrect.  The  difficulties 
which  myopics  sometimea  experience,  represent  another  form  of  disease^and 
moreover  we  have  reason  to  believe  that  Mackenzie  has  incorrectly  supposed 
the  existence  of  myopia  in  some  of  his  patients.  As  to  the  attacks  during  the 
use  of  convex  glasses,  we  shall  see  that  Mackenzie  was  too  timid  to  give 
glasses  of  sufficient  strcDgth,  and  asthenopia  is,  of  course^  not  to  be  removed 
by  the  use  of  too  weak  glasses,  and  lastly,  asthenopics  really  see,  when  they 
are  tired,  comparatively  well  and  eafiily  through  a  small  opening. 

From  this  time  we  find  fatigue  of  accommodation  mentioned  by  different 
writers,  as  at  least  a  cooperative  cause  of  asthenopia.  Sichel  *  had  not  yet 
a  just  idea  of  acoommodation,  but  he  had  nevertheless  arrived  at  the  con- 
viction that  hia  amauroxe  pteabifftque^  which  he  now  himself  identilicd  with 
asthenopia,  occurred  only  in  presbyopic  eyes,  and  tliis  point  he  correctly 
muatiiina  against  Mnckenzie.  But,  on  the  other  hand,  he  keeps  up  the 
connexion  with  amblyopia,  and  still  thinks  that  this  aifeotion  may  very 
eaaily  pass  into  incurable  amaurosis, 

With  good  results  the  implication  of  the  retina  in  asthenopia  was  by 
Bohmf  set  still  further  aside.  He  shows  especially,  that  nerve?  of  motion 
are  much  more  liable  to  be  affected  with  fatigue  than  nerves  of  sense,  and 
he  consequently  seeks  the  primary  rouse  of  the  aflVctirm  in  the  motor  nerves 
of  the  eye.  It  is  true  that  Bnhm's  theory  remains  somewhat  ohacure  and 
indednite,  in  consequence  of  the  part  he  ascribes  to  the  external  muscles  of 
the  eye,  and  of  his  not  very  clear  ideas  of  near-  and  farsightedness  ;  but  in 
non-squinting  asthenopics  he  recognises  as  the  cause  of  the  altection,  the 
want  of  permanent  power  of  accommodation  for  near  objects,  and  with 
great  satisfaction  he  mentions  that  he  has,  by  means  of  convex  glasses, 
delivered  many  asthenopio  patients  from  their  troubles.  Bohm  is,  in  truth, 
the  first  who  unconditionally  recommended  the  use  of  convex  glasses  in 
asthenopia.  As,  however,  he  did  not  hit  upon  the  principle  for  the  deter- 
mination of  the  required  strength  of  these  glasses,  those  he  prescribed 

were  in  general  far  too  weak  (^.y  to  .-- Y  from  which,  indeed,  much  could  not 

be  expected,  and,  moreover,  supposing  that  he  had  to  do  with  an  anomaly  of 
aocommodation,  he  still  adhered  to  the  hope  of  being  able  to  cure  the  asthe- 
nopia. Bohm's  theory  was  almost  unconditionally  adopted  by  Kuete.t  This 
e«gacioua  author  expressly  states  that  the  exciting  causes  are  not  known,  and 

*  Lc^ns  cliniqtifs  dea  kmeUet  et  dci  Stats  pathologigueSf  comicutifa  &  tear 
Nsaffe  irnitionneL    Bruxelles,  1848, 

t  Lt  Bobm,  liitii  SchiefcH,  p.  117. 

J  Ruete,  Lecrhoek  tier  opjithalmalogk  Cn  het  NederdmUch  bewerkt  en  met 
aantifektnmgen  voorzitn  door  Professor  Donders,  p.  713.     Utrecht,  1B47. 
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that  the  disease  maj  he  congenital  and  sometimes  hereditar}- :  thna  he  appears 
to  he  npon  the  point  of  asking  what  may  he  the  organic  haais  of  the  aifee- 
tion,  hut  he  finally  contents  himself  with  the  conclnsion,  that  *'  the  proxi- 
mate canse,  as  Buhm  has  proYcd,  is  a  weakness  of  the  motor  neirea  of  the 
eye.*'    Thence  also  his  hope  of  curing  the  disease. 

Others  have  been  less  circumspect  in  the  assumption  of  exciting  causes. 
The  majority  of  these  observers  believed  the  canses  they  assigned  to  be 
alone  sufficient  to  produce  asthenopia.  Among  these  canses,  ezoessive  ten- 
sion of  accommodation  for  near  objects  was  especially  mentioned.  The  very 
names  given  by  some  to  asthenopia,  ^  Affection  of  the  Retina  from  exces- 
sive employment"  of  Lawrence,  ''Impaired  Vision  from  overwork"  of 
Cooper,*  show  how  much  importance  was  attributed  thereto.  By  Carran 
dn  Yillardsf  we  find  asthenopia  even  described  as  a  peculiar  form  of  disease, 
from  which  the  embroiderers  of  Nancy  were  said  to  have  particularly 
suffered,  and  soon  after  the  same  affection  was  found  among  the  laeemakers 
of  Brussels.  Sichel,  too,  thinks  that  particular  callings  develop  this  eondi- 
tion.  Thus  the  circumstance  under  which  the  existing  anomaly  might 
manifest  itself  by  peculiar  morbid  phenomena,  was  considered  to  be  the 
cause  of  the  anomaly  itself.  This  cannot  cause  surprise.  Up  to  the  16th, 
the  20th,  nay,  even  to  the  25th  year,  the  power  of  vision  had  continued  nimnal; 
no  complaints  were  made;  but  gradually,  precisely  in  persons  who  were  almost 
incessantly  occupied  with  close  work,  the  continuance  of  the  latter  had  be- 
come more  and  more  difficult,  and  if  the  work  was  for  some  time  suspended, 
improvement  took  place.  Could  it  be  otherwise  than  that  the  affection 
should  be  considered  as  a  purely  acquired  condition,  and  that  the  cause  of 
it  should  be  sought  in  excessive  tension  ? — In  addition,  a  long  train  of 
causes  has  been  drawn  up  by  Mackenzie  and  others  from  circum- 
stances which  accidentally  coincided  with  the  development  of  the  pheno- 
mena. 

If  we  glance  back  at  what  has  been  above  stated,  we  find  that  asthenopia 
at  first  lay  concealed  in  amblyopia,  that  it  gradually— although  still  referred 
to  amblyopia,  whether  as  predisposition,  whether  as  the  commencement,  or, 
finally,  as  a  peculiar  form  of  that  affection — emerged  from  its  obscurity,  that 
afterwards,  without  the  participation  of  the  retina  being  as  yet  denied,  its  seat 
was  sought  more  and  more  in  the  organs  of  accommodation,  until  at  last  the 
retina  was  almrst  completely  excluded,  and  the  condition  was  looked  upon 
as  a  disease  of  the  motor  nerves  and  of  tht:  organs  of  motion  of  the  eve. 

At  this  time  the  source  of  the  power  of  accommodation  had  not  yet  been 
discovered,  much  less  had  its  mechanism  been  demonstrated.  There  was 
almost  as  much  reason  to  assign  the  principal  part  in  that  function  to  the 
external  muscles  of  the  eye,  as  to  the  muscular  system  situated  in  the  eye. 
This  led  to  the  supposition  that  .isthenopia  was  to  be  sought  in  a  spas- 
modic contraction  of  some  external  muscles  of  the  eye,  and  there  were 
practitioners  who  had  the  courage  to  cut  through  these  muscles.  This  U 
a  melancholy  page  in  the  history  of  operative  ophthalmic  surgerv.     It  is 

•  White  Cooper,  On  Xear  Sight,  etc.  p.  1^4. 

t  Annates  drOculuiique,  Tome  iiL,  Supplem.  p.  2oG. 


[6  more  sad,  l»eoau8e  thereby  in  general  if;:iiormice  is  exposed,  so  great,  that 
yopia,  preabyopiat  and  astbenopia  were  not  even  diatingnifibedi  and  because, 
the  other  hand,  we  tind  results  commnnicated  to  which,  to  use  no  harder 
preaajon,  we  will,  with  Mackenzie,  apply  only  the  words  of  Scarpa ; 
latorie  di  guarigionl  sorprendentt,  e  poco  dissioiili  dai  prodigi/' 
Much  may,  however,  be  alleged  in  exculpation.  In  the  first  place,  hietory 
■haWB  that  every  disoovery^  and  certainly  also  every  new  operation*  usually 
leads  to  exaggeration.  Thia  is  the  result  of  an  entbu^iasm  deeply  rooted  in 
liuman  nature,  and  which  has  also  its  good  side.  Without  it  truth  appears 
to  gain  no  victory  in  the  domain  of  seience.  Moreover,  in  the  operation  for 
•trabiAmua^  improvement  of  the  power  of  vision  was  actually  obtained,  and 
Qiany  now  thought  that  this  improvement  was  the  result  of  a  change  of  re- 
fraction I  in  the  then  position  of  science  thia  wascertainly  rathertobeexpect4?d 
than  an  even  now  unexplained  improvement  of  the  aouteness  of  vision*  We 
may  also  assume  that,  even  when  asthenopia  existed  without  strabismus,  the 
!?e«t  which  the  patients  had  to  observe  for  some  time  after  the  operation 
caused  the  fatigue,  on  an  endeavour  to  read,  to  occur  less  quickly.  Besides, 
it  is  easy  to  understand,  that  when  ihe  niusculus  rectus  iott^rnus  was  cut 
through,  stronger  tension  of  accommodation,  with  convergence  of  the  visual 
lines  to  a  certain  point,  became  possible,  just  as  may  be  effected  by  means 
of  a  prismatic  glass  with  the  refracting  angle  directed  id  wards.  In  any 
oaae,  we  will  not  judge  harshly  of  the  operators  of  that  season 
of  rage  for  operating.  It  is  enough  that  for  a  time  the  cause  of  asthenopia 
was  sought  in  the  external  muscles  of  the  eye,  and  that  the  results 
obtained  on  division  of  the  latter  wore  supposed  to  furnish  a  fresh 
^roof  of  the  "correctness  of  the  views  of  those  who  referred  it  to 
them.  Asthenopia  was  in  these  cases  really  the  subject  of  discussioe. 
Although  here  Bonnet,*  for  whom  the  priority  of  the  application  of  the 
d^ivision  of  the  muscles  in  these  cases  is  claimed  by  Phillips  and  Guerin,t 
BM  well  as  Cunier,!  is  speaking  of  myopia^  the  cases  oommnnicated  by 
these  writers  leave  no  doubt  respecting  the  nature  of  the  affeotioD.  They 
supposed  that  myopia  existed,  whenever  anyone  could  decipher  a  certain 
print  better  near  the  eye  than  at  the  distance  of  a  foot,  and  they  thought 
that  the  myopia  had  given  way,  or  was  diminished,  when  such  a  person  coidd 
Bubaequently  distinguish  the  same  print  at  a  greater  distance,  or  could  continue 
his  work  longer. 

From  this  error  even  Ludwig  Bohm  wtis  not  completely  free.  After  the 
diaeovery  of  the  principle  of  accommodation,  nothing  more  was  said  of 
abnormal  pressure  of  the  muscles  of  the  eye,  nor  of  dividing  the  latter 
as  a  remedy  for  asthenopia.  Stellwag  von  Carion  §  refers  asthenopia  exolu- 
etvelj  to  a  diminution  of  accommodation,  and|  indeed,  in  particular  to 


•  Annalei  (TOcui,  Tome  vi.,  p.  73. 
\  Ihld.,  Tome  v.,  p.  31. 
I  Ihid.,  Tome  v.,  pp.  139,  173. 

§  Stellwag  von  Carion,  Die  OphthdmQhtgk   torn  naturwk»eiuchajtlichen 
^ndpunkU  am.  Bd.  ii.    Erlangen,  18da. 
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pretbyopiu.  "  In  the  mijoritjr  of  eases, " — ^thns  ha  ezpreases  Ids  < 
**  normal  yision  passes  under  the  phenomena  of  asthenopim  into  prafel- 
opia,  and  kopiopia  never  comes  so  remarkably  under  oboerraUon  as  ia  Ai 
eyes  of  elderly  people.  It  belongs  quite  especially  to  the  later  epoolb  of  life; 
and  if  it  is  sometimes  obserYed  in  youth  as  the  preonraor  of  pmlijopi, 
the  attending  circumstances  are  in  general  of  sueh  a  nature,  that  asoadite 
of  the  muscle  analogous  to  involution  is  highly  probable."  He  ooold  ait 
say  more  plainly  that^e  considers  asthenopia  to  be  a  lesion  of  aeoomnods- 
tion.  Von  Oraefe*  puts  the  question  on  as  broad  a  basis  as  possiblB,  by  bos 
assigning  to  asthenopia  only  a  symptomatic  signification.  Thus  he  de 
strates  the  existence  of  asthenopia  musonlaris,  proceeding  from 
of  the  musculi  recti  intemi.  Moreover,  he  brings  asthenopia  into  ( 
with  slight  degrees  of  presbyopia.  And  when  he  farther  sees  astheaopis 
arise,  "  where  the  nearest  point  is  but  little  removed,  but  when  still  tW 
rttgion  of  permanent  accommodation  lies  considerably  farther  from  the  eye 
than  is  normally  the  case,*^  he  seems  really  on  the  point  of  thinking  of  hy- 
permetropia.  In  other  respects,  von  Oraefe  attaches  more  importance  to  the 
influence  of  the  retina  than  I  think  ought  to  be  assigned  to  it.  FiasUy, 
he  observed  asthenopia  in  consequence  of  "  actual  paresis  of  aooomBodih 
tion,"  and  in  truth  the  description  of  the  latter  may  almost  complsfcely 
apply  to  asthenopia,  the  result  of  hypermetropia. 

Our  knowledge  had  reached  this  point,  when  If  discovered  the  eanie  of 
asthenopia  in  the  hypermetropic  structure  of  the  eye.  The  supposed  anomaly 
of  accommodation  then  became  an  anomaly  of  refraction,  the  oonnexion  oif 
asthenopia  with  the  circumstances  under  which  fatigue  is  manifested  wu 
made  most  clear,  the  necessity  of  complete  relief  by  spectacles  was  proven, 
while  at  the  same  time  the  hope  of  a  radical  cure  of  asthenopia  was  extin- 
guished for  ever. 


§  23.  Treatment  of  Hypermetropia,  wmi   Special  Eefesence 
TO  Asthenopia. 

The  treatment  of  asthenopia  has  always  been  called  "  rational." 
I  remember  the  time  when  tljis  qualification  was  considered  to  be  an 
honour,  and  when  he  who  in  medicine  stood  upon  mere  empiri- 
cal ground,  was  regarded  with  disdain,  fortunately,  a  change  has 
taken  i)lacc  in  this  respe^'t.  It  has  become  more  and  more  e\4dent  that, 
even  witb  perfect  knowledge  of  the  nature  of  an  anomaly,  the  final 
decision  must  remain  with  empiricism,  and  that,  with  our  defective 

•  Archivfur  Ophthabn,,  Bd.  ii ,  Abth.  i.,  p.  169. 

t  Nedcrlandseh  Tijdschrift  voor  Geneesk,    Jaarg.,  1858,  |>.  473. 
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And  imperfect  notions^  science  can,  with  respect  to  therapeuticBj 
it  the  mosti  occasionally  suggest  what  deserves^  bj  preferencCj  to  be 
rabmitted  to  investigation,  and  that  her  further  duty  is  to  endeavour 
to  explain  what  has  been  ascertained. 

Asthenopia  has  been  looked  upon  as  the  result  of  an  enfeebled 
power  of  accommodation,  Hent'e  its  **  ratioBttl  *'  treatment  was 
directed  against  the  causes  of  debility^  and  demanded^  above  all 
things^  rest  of  accommodation.  With  this  view,  Tyrrell  prescribed 
m  systematic  treatment.  Now,  rest  w^as  certairdy  most  perfectly  at- 
tainable by  avoiding  all  work  in  which  looking  at  near  objects  was 
Dfioessaryj  and  where  the  latter  could  not  he  wholly  disjieosed  with^ 
it  was  thought  that  the  same  object  migbt  be  attained  by  the  use 
of  convex  glasses^  although,  on  account  of  the  tension  of  aceommo* 
dation  connected  with  convergence,  this  ])lan  would  necessarily  be 
teas  successful.  This  couv^tituted  the  first  period  of  the  treatment, 
in  which  the  organs  of  accommodation  should  by  rest  be  relieved 
from  their  morbid  state.  Again  on  rational  grounds,  the  second 
period  must  follow— that  of  practice  :  the  spectacles  were  gradually 
weakened,  and  close  work  was  permitted  for  longer  and  longer  in- 
tervals, though  with  the  strict  injunction  to  suspend  the  w  ork  on  the 
occurrence  of  the  least  fatigue.  Thus  it  was  hoped  that  the  asthe- 
nopia might  be  permanently  overcome.  Many  also  actnally  as- 
serted— and  in  good  faith — that  they  succeeded  in  this.  But  were 
the  patients  not  desired  always  to  take  care  of  themselves  ?  Did  not 
the  prescribed  spectacles  remain  in  their  hands? — and  would  not 
many,  desiring  to  be  relieved  from  a  long-continued  treatment,  have 
represented  their  state  too  favourably,  and  when  they  got  worse,  have 
aimply  stayed  at  home?  I  am  convinced  that  the  great  majority,  if 
they  used  their  eyes  as  formerly,  would  be  equally  aU'et^ted  by  the 
same  troublesome  symptoms. — On  the  supposition  that  the  retina 
was  in  some  measure  implicated  in  the  alfection,  Bohm  and  Rnete 
thought  it  "  ratioTial  '^  to  recommend  that  the  convex  glasses  should 
be  blue.  And,  indeed,  this  might,  if,  as  usual,  the  glasses  allowed 
were  too  weak,  on  account  of  the  greater  refrangibility  of  the  blue 
rays,  even  if  the  retina  was  not  over-sensitive,  be  attended 
with  some  advantage,  wliich  cannot  be  said  of  the  London  smoked 
glasn  recommended  by  Fronmiiller,  by  the  simply  light-diminish- 
ing action  of  which  it  is  certain  that  few  asthenopica  would  be 
benefited. 

All  ophthalmologists  did  not,  however,  boast  so  much  of  the  ex- 
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cellence  of  their  results.    "  In  many  cases/'  says  Mackenzie,  iteating^ 

of  the  prognosis  of  asthenopia,  "it  is   our  duty  to    dedate   the 
disease  incurable.     If  the  patient  is  a  young  lad,  bound  apprentice 
to  a  sedentary  trade,  and  the  disease,  from    iU   duration  and  il 
mode  of  origin,  not  likely  to  yield  to  treatment,  we  may  ad^ 
him  to  turn  shopkeeper,  to  apply  liiinself  to  country  work,  or  to 
go  to  sea  :  if  a  female,  occupied  constantly  in  sewing,  to  engage  in 
household  affairs,  or  any  other  healthy,  active  employment.     Many 
a  poor  man  have  I  told  to  give  up  his  sedentary  trade,  and  drive  i 
horse  and  cart ;  while  to  those  in  better  circumstances,  and  not  far 
advanced  in  life,  I  have  recommended  emigration,  telling  them  that 
though  they  nevex  could  employ  their  eyes  advantageously  where 
much  reading  or  writing  was  required,  they  might  see  8uffi< 
to  follow  the  pastoral  pursuits  of  an  Australiau  colonist." 

WhiLt  is  the  reason  that,  before  taking  so  decided  a  step  in 
destination  for  life  of  a  man,  it  has  not  been  without  prejudice  inv 
tigated,  what  the  effect  would  be  of  the  constant  use  of  stroi 
convex  glasses  ?  Is  it  prejudice,  in  general,  against  the  use  of 
latter  by  young  persons  ?  Or  had  the  old  apprehension  that 
thenopia  might  lead  to  amblyopia  found  fresh  support  in  the  expe* 
rience  that,  after  the  use  of  sufficient  convex  glasses,  the  eyes  (as  we 
now  know,  in  consequence  of  displacement  of  the  relative  region 
of  accommodation)  soon  act  in  close  work  still  less  perfectly 
before  ?  Certainly  the  prejudice  must  be  deeply  rooted;  for  th< 
lay  a  very  significant  hint  in  the  obsen^ation  drawn  by  Mackei 
from  life :  "  A  child,  the  subject  of  asthenopia,  engaged  in  learning 
his  lesson,  complains  he  cannot  see,  and  repeats  the  complaint  so 
frequently,  especially  by  randlelight,  that  his  father  or  grandfather 
at  last  says,  '  Try  my  glasses.'  TAe  child  now  sees  perfectlj^,  and 
night  after  night  the  loan  of  the  glasses  is  required  before  his  taa^^ 
can  be  finished."  And  yet  he  adds,  "  It  would  have  been  bett^H 
had  glasses  been  selected  of  the  longest  focuss,  which  would  have 
enabled  the  child  to  read,  or,  better  still,  he  had  been  put  to  bed, 
and  the  lesson  left  till  daylight/'  There  is  no  doubt  that 
Mackenzie  gave  far  too  weak  glasses,  and  therefore  he  concludes  wii 
the  unsatisfactory  words  :  "  In  some  instances  the  state  of  asthenoj 
is  so  verj'  easily  excited,  that  the  patient  is  never  able  to  appj 
himself  to  any  trade  requiring  the  ordinary  use  of  sight.  Thi 
facts  are  sufficient  to  show  the  serious  nature  of  asthenopia.  It 
an  infirmity  much  more  to  be  dreaded  than  many  disorders  of  the 
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e  which,  to  superficial  observation,  present  a  far  more  formidable 
uppearance." 

It  is  a  great  satisfaction  to  be  able  to  say  that  asthenopia  need 
iow  no  longer  be  an  inconvenience  to  any  one.  In  this  we  have  an 
example,  by  what  trifling  means  science  sometimes  obtains  a  triumph, 
blessing  thousands  in  its  results.  The  fhscovery  of  the  simple  fact 
that  asthenopia  is  dependent  on  the  hypermetropic  structure  of  the 
^e,  pointed  out  the  way  in  which  it  was  to  be  obviated.  Codd  it 
be  otherwise  than  that,  \rith  the  correction  of  the  hypermctropia  by 
means  of  convex  glasses,  ita  resulting  asthenopia  must  also  disappear  ? 
But  here,  too,  science  might  misleail  one.  For  it  might  appear 
rational  to  dettrniine  the  degree  of  the  total  hypermctropia,  and  to 
neutralise  this  entirely,  and  at  first  I  proposed  this  method.  Rut  I  had 
pverlooked  the  fact,  as  experience  soon  taught  me,  that  eveji  in  the 
use  of  completely  neutralising  convex  glasses,  the  hypermctropia 
remained  in  part  latent,  in  consequence  of  wliich  not  only  was  the 
vision  of  distant  objects  with  these  glasses  indistinct,  but  also,  with 
moderate  convergence,  the  eye  was  still  always  accommodated  for  a 
too  near  point.  The  unpleasant  sensation  connected  with  the  re- 
laxation to  the  minimum  of  the  relative  range  of  accommodation, 
whereby  in  this  case  also  vision  at  an  ordinary  distance  was  not 
yet  acute,  caused  the  object  to  be  brought  closer  and  closer  to  the 
eye,  and  thus  we  saw  the  patient  fall  from  Scylla  into  Charybdis— * 
that  is,  from  accommodative  into  muscular  aslhenopia.  My  error 
lay  in  supposing  a  neutralised  hypermetropic  to  be  equal  to  an  em- 
metropic eye,  which,  as  I  have  above  (p.  123)  shown,  is  by  no 
means  the  ciise.  Thus  it  is  in  general :  science  theorises  ;  practice 
tests  and  rectifies  her  ^hypotheses,  and  of  this  rectification  science 
has,  in  order  to  restore  herself,  again  to  give  account. 

In  the  establishment  of  the  rules  to  which  experience  led  me,  I 
must  distinguish  between  two  series  of  cases :  a,  those  which,  with 
normal  range  of  accommodation,  are  exclusively  dependent  on  II ; 
(6,  those  where  diminution  of  tlie  range  of  accommodation,  or  want 
of  energy,  plays  a  more  or  less  important  part. 

Tlie  great  majority  of  the  cases  belong  to  the  fird  category :  hy- 
permctropia is  the  ciiuse,  and,  indeed,  the  only  cause,  why  close 
vision  cannot  be  maintained.  It  is  self-evident  that  this  form  occurs 
only  in  youth,  when,  if  the  eye  were  emmetropic,  the  idea  of  the 
existence  of  presbyopia  could  not  yet  be  entertained.  Indeed,  as 
'I  have  already  explained,  a  certain   range  of   accommodation   be* 
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longs  to  the  conditions  of  asthenopia.     Many  announce  themselvi 
as  asthenopics  at  from  the  eighteenth  to  the  tifenty-sixth  year  of 
u^_  J i^j  A^         _  rri.^   majority 


lias  descended  to  —  or  ^r- 
5         6 


The 


of   these 


when  . 
A 

females.     The  cause  of  this  appears  to  me  to  consist  exclnsiFely  i 

the  occupation.      He  who  is  not  constantly  occupied  with  do 

work  acquires,  even  with  a  moderate  degree  of  H,  no  eymptonia  { 

asthenopia.     Now,  in  most   female  occupations,    continued   do 

vision  is  undoubtedly  more  required  than  in  those  of  males ;  and  in 

certain  ranks  of  society,  where  the  man  is  almost  wholly  exempt 

from  special  tension  of  accommodation,  sewing  and  darning  in  thf 

evening,  and  often  by  bad  light,  fall,  in  addition  to  her  household 

work,  to  the  lot  of  the  woman.     In  this  alone,  and  by  no  means  in 

the  more  frequent  occurrence  of  H,  I  think  we  mast  seek  the  cause 

why  the  complaint  of  asthenopia  is  oftener  heard  from  women  than 

from  meu. 


The  first  thing  we  have  to  do  in  asthenopia  is  to  determine  ' 
degree  of  the  manifest  hypermetropia— in  other  words,  to  exa 
what  is  the  strongest  convex  glass  with  which  the  vision  of  distant 
objects  becomes  acute.     This  glass  is,  however,  seldom  sufficient 
completely  to  guard  against  fatigue  in  close  work.  The  patient  mnB^ 
nevertheless,  be  allowed  to  read  with  it  at  our  consultation ;  but^^ 
is  only  when  he  can  do  this  without  any  inconvenience,  and  when, 
moreover,  with  these   glasses  the  binocular  nearest  point  j?,  lies  Mbd 
a  little  farther  from  the  eye  than  in  tlie  emmetropic  organ  at  ^H 
we  can  determine  in   favour  of  commencing   their  use* 

to  give  him    somewhat 


same 


But   we    often  find 


immediate  indication 
1 


of  ^TT*  with 
lo 


H-  =  ro 


m   very 


stronger  glasses,  for  example, 

young  persons,  in  whom  we  may  expect  much  HI,  and,  moreover, 
in  those  who  arc  somewhat  more  advanced,  for  example,  at  thirty 
years  of  age,  when  the  range  of  accommodation  has  undergone  much 
diminution,  glasses  which  correct  only  the  Hm  are  scarcely  ever 
sufficient.  If  the  patient  can  easily  return,  the  glasses  thought 
suitable  are  given  him,  without  any  further  direction  than  never  to 
work  without  the  spectacles,  every  half  hour  to  interrupt  his  work  for 
some  minutes,  to  avoid  excessive  fatigue,  and  in  about  eight  days  to 
bring  a  report  of  how  he  finds  himself*  Almost  invariably  he  re- 
turns with  expressions  of  satisfaction  and  gratitude.     He  now 
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tains  permission  to  use  his  eyes  at  his  own  discretioBj  and  is  re- 
quested to  return,  if  he  feels  any  ineoovenience — in  any  case  after  the 
lapse  of  a  year  or  twOj  when  probubly  the  II ni  shall  have  somewhat 
increased^  and  the  use  of  stronger  spectacles  shall  have  become  ad- 
visable* But  it  may  also  appear  that  the  glasses  were  either  too 
weak  or  too  strong.  If  too  weak,  the  asthenopia  has  not  been  en- 
tirely removed;  and  we  now  often  find,  especially  on  some  fatigue, 
a  rather  higher  degree  of  Hm  than  before :  we  also  imJ  that  p^ 
defined  with  the  glasses,  is  further  from  the  eye  than  it  ought  to  be ; 
— of  course,  we  must  then  go  up,  often  even  above  the  llm  now 
ascertained,  and  bring  the  p%  nearly  to  the  normal  distance.  If 
the  glasses  were  too  strong,  the  work  had  to  be  held  too  near  the 
eye ;  acute  vision  wasj  indeed,  thus  attained,  but  a  peculiar  sensa- 
tion of  fatigue  ensued  (muscular  asthenopia).  This  complaint,  al- 
though rare,  occurs  sometimes,  even  when  only  the  Km  has  been 
neutralised :  the  explanation  of  this  is  found  in  the  too  powerful 
tension  of  accommodation  excited  ea^ch  time,  and  depending  upun 
habit,  precisely  at  a  convergence  of  from  10'  to  li".  Under  such 
circumstances,  we  must  reaUy  begin  with  weaker  glasses,  and  pass 
over  to  stronger  ones  in  proportion  as  the  extraordinary  tension 
ceases.  In  the  other  cases,  the  holding  the  book  too  near  is  com- 
bined with  the  complaint,  that  with  the  spectacles  distant  vision  is 
so  particularly  bad.  I  may  say  that  of  late  years  it  has  seldom  oc- 
curred to  me,  that  the  glasses  chosen  with  attention  to  the  aboTe 
rules  have  not  completely  answered  their  purpose,  I  very 
seldom,  also,  find  it  necessary  in  asthenopia  to  have  recourse  to 
the  employment  of  mydriatics  for  the  determination  of  H,  It 
is  only  in  those  cases  where  the  asthenopia  Justifies  us  in 
supposing  the  existence  of  H,  and  where,  nevertheless,  no 
Hm  is  observed,  not  even  on  moderate  fatigue, — further,  when 
the  spectacles  fixed  on  and  modified  on  good  principles,  do  not 
answer,— perhaps,  also,  when  we  can  see  the  patient  only  once,  that 
the  employment  of  a  raydiiatic  is  required  in  the  interest  of  the 
patient.  But  it  is,  however,  perfectly  justifiable  for  the  sake  of 
the  more  accurate  study  of  tlie  connexion  between  llm  and  HI,  the 
more  so  because,  during  mydriasis,  if  necessary,  close  T^ork  may  be 
very  well  performed  with  stronger  8])ectacles.  If  we  now  know  Ilm 
and  HI,  we  give  glasses  which  neutralise  Hm  and  about  J  of  HI :  in 
general  they  will  answer  the  purpose  either  immedititely,  or  after  a 
km  weeks. 
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Hitherto^  as  we  have  seen^  ophthalmologists  endeavoured,  by  the  use 
of  progressively  weaker  glasses  to  obtain  a  radical  cure  of  asthenopia. 
With  the  knowledge  of  the  cause  of  asthenopia  this  endeavour  is 
completely  reversed.  We  wish  graduaUy  to  give  stronger  glasses, 
and  therefore  we  investigate  from  time  to  time  in  our  asthenopia 
patients,  the  position  of  the  relative  region  of  accommodation,  or 
perhaps  only  the  Hm,  and  if  the  latter  appears  to  be  increased,  we 
give  according  to  the  rules  laid  down,  other  and  stronger  glasses.  It 
is  not  until  the  H  has  almost  completely  given  way  to  Hm,  and  the 
relative  region  of  accommodation  has  on  the  whole  acquired  a  normal 
position,  that  we  have,  in  the  use  of  the  glasses  so  indicated,  a 
decided  guarantee  against  the  return  of  the  asthenopia,  and  in  youug 
persons  the  same  glasses  are  now  adapted  for  distance  and  for  near 
objects.  With  this  strengthening  of  the  glasses  laymen  have  some- 
times made  known  their  fears  to  me  that,  at  last,  no  spectacles  should 
be  found  strong  enough  to  accommodate  their  eyes.  To  persons  in 
their  situation  this  fear  would  certainly  appear  to  be  justified.  We 
may,  however,  quite  set  them  at  ease  on  this  point.  I  usually  take  the 
trouble  to  explain  to  them,  that  if  once  the  deficient  power  of  the 
eye  shall  be  entirely  made  good,  the  limit  for  the  strength  of  the 
glasses  is  provisionally  attained,  and  that  what  the  senile  changes  at 
a  more  advanced  period  of  life  in  general  demand,  can  still  very  easily 
be  added.  It  is  evident  that  even  under  the  most  unfavourable  cir- 
cumstances, we  cannot  easily  be  obliged  to  rise  to  such  strong 
glasses  as  are  necessary  in  aphakia.  To  these  unfavourable 
circumstances  belong  amblyopia,  and  especially  deficient  range 
of  accommodation.  What  has  already  been  said  on  these  points 
in  speaking  of  Pr,  may  be  here  also  the  guide  of  our 
treatment.  Rules  for  the  management  of  the  combination 
of  H  with  Pr  are  there  given.  I  have  in  this  place  only  to 
mention,  that  in  amblyopia  of  one  eye,  in  consequence  of  exclu- 
sion, separate  practice  of  this  eye  with  a  reading  or  magnifying 
glass  several  times  daily,  for  some  minutes  at  a  time,  is  indicated. 

So  much  for  the  use  of  spectacles  for  near  objects.  It  is  now  an 
important  question,  whether  asthenopics  should  also  in  ordinary  life 
wear  glasses  for  distant  objects.  On  a  superficial  view  there  appears 
to  be  no  objection  to  such  a  plan.  Why  should  a  person  not 
remove  the  Hm,  and  thus  make  the  acute  vision  of  distant  objects, 
without  extraordinary  tension,  possible  ?  Undoubtedly,  if  we  could 
make  the  glass  an  integral  part  of  the  eye,  we  should  have  no  reason 
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to  besiiaic.  We  should  thea  even  be  justified  in  neutralising 
almost  the  whole  II,  convinceJ  that  the  relative  region  of  aceoramo- 
tbtiou  would  soon  adapt  itself  to  the  new  refractive  condition.  But 
this  is  not  the  case :  the  glasses  do  not  stand  in  the  eye,  but  i^are 
the  eycj  and  are  sometimes  not  even  at  hand.  Hence  it  is  of  great 
consequence,  that  the  patient  should  be  able  to  distinguish  tolerably 
well  also  without  glasses^  and  it  is  certain  that  if  the  hypermetropic 
individual  accustoms  himself  to  wear  correcting  spectacles,  he  will 
gradually  lose  the  power  of  distinguisliuig  without  glasses.  That  is 
the  unfavourable  side  of  the  question  of  wearing  spectacles.  Even 
in  employing  spectacles  for  near  objects  he  loses  in  part  the 
Edvautageous  use  of  his  accommodation  :  but  in  this  ease  an  actual 
necessity  is  in  question^  and  he  has^  tlierefore,  no  choice.  Not  so 
with  respect  to  looking  at  distant  objects.  With  repeated  strong 
tension  of  accommodation  the  power  of  visioDj  as  we  have  seen^ 
remains  undisturbed  in  hypermetropic  individuals.  From  the  tension 
necessary  to  see  distinctly  witliout  spectacles  at  a  distance,  wdiich  is 
each  time  required  only  as  for  a  moment,  no  injurious  effect  is  certainly 
to  be  expected.  Therefore  tins  may  safely  he  required  of  the  accom- 
modation. Consequently,  when  H  is  still  whoUy  facultative,  when 
the  persons  can  even  say  to  us :  ^*  in  ordinary  life,  I  have  no  incon- 
venience, and  at  a  distance  I  see  excellently/'— we  should  not  press 
spectacles  on  them  to  be  worn  constantly.  At  most  we  may  say  to 
them,  that,  when  they  have  become  somewhat  older  (when  the 
facultative  H  shall  have  given  place  to  relatively  absolute)  they  will 
derive  great  advantage  from  tlie  use  of  spectacles  for  distance  also ; 
they  can  then  apply  to  the  oculist,  so  soon  as  they  observe  that  they 
BO  longer  distinguish  satisfactorily  at  a  distance."*^  But  it  is  quite  ano- 


*  Last  year  I  had  the  good  fortaoe  to  meet  an  Englieh  gentleman,  eminent 
in  the  Bolentifio  world.     I  observed  that  lie  aaw  with  spectacles  of  g  at  11' 

distance,  and  concluded  therclDre  tlmt  he  was  hypermetropic.  "You  do  not 
see  well  at  a  distance/'  I  remarked  to  him,  **  O  no!"*  replied  t be  able 
and  vigorous  veteran,  •*  I  no  longer  rec^gniB©  the  eharactera  of  mineralB, 
OS  I  formerly  did,  at  a  great  distance,  and  if  I  wish  to  look  at  them  before 
my  feet  through  my  speotadeB,  I  itumble  over  them.'*    *'  Go,"  I  rejoined, 

♦•  and  ask  the  optician  for  glasses  of     .**    On  the  following  day  he  wrote 

to  me:  **  1  cannot  tell  you  how  grateful  I  am  for  the  new  sense  you  have  given 
me.  I  now  see  the  eyes  of  the  handaome  girls,  and  tlie  wrinkles  of  the 
old  ladies  as  well  as  when  I  was  a  young  soldier/' 
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ther  matter,  when,  even  in  youth,  relative  or  absolute  H  exists ;  tEai, 
notwithstanding  every  eifort  of  accommodation^  distant  vision  is  not 
acnte^  and  we  need  not  now  hesitate  to  assist  it  with  glasses.  The  best 
result  attainable,  under  such  circumstances,  consists  in  this:  that 
the  same  spectacles,  which  are  not  too  strong  for  distance^  should  be 
fiofficient  for  ordinary  close  work*  With  the  usual  range  of  accom- 
modation this  result  is  obtained  in  spite  of  the  disadvantages 
connected  with  the  use  of  convex  glasses  (compare  p.  145),  so  soon 
as  the  relative  region  of  accommodation  has  sufficiently  shifted,  and 
therefore  the  indication  here  is,  by  causing  the  patient  always  to  wear 
spectacles  (at  first  weaker  ones)  to  promote  this  change  of  place. 

With  respect  to  the  second  category  of  asthenopia^  I  have  here 
but  little  to  say.  The  cases  contained  in  it  are  characterised  by  i 
feet,  that  the  accommodation  itself  is  disturbed  or  morbidly 
minished,  and  the  proper  place  to  consider  them  is  therefore  where 
in  the  Second  Part  I  shall  have  to  speak  of  the  anomalies  of  aocom- 
mf:>dation.  Here  it  may  be  in  general  remarked,  that,  when  in 
asthenopia  either  no,  or  comparatively  very  slight,  H  exists^  and 
where,  moreover,  muscular  asthenopia  is  excluded,  we  may  suspect 
the  presence  of  disturbed  or  morbidly  diminished  accommodation. 
To  this  point  our  investigation  must  then  be  directed.  If  general 
weakness  is  exclusively  the  cause,  recovery  from  the  asthenopia  i^d 
to  be  expected,  if  we  succeed  in  restoring  the  strengHi.  If  pare^H 
of  accommodation  exists,  without  H,  the  asthenopia  of  course  gives 
way  when  the  paresis  is  removed.  In  either  case  convex  gla 
meanwhile  useful.  Where  painful  accommodation  exist«  a  speciil 
treatment  is  required.  " 

What  I  have  to  say  with  respect  to  the  treatment  of  H  in  gener 
apart  from  asthenopia,  is  included   in  the    foregoing.     As  to  the 
slightest  degrees  of  H,  which   scarcely   produce   asthenopia,  they 
require   merely,  as  has  been  mentioned  while  on  the  subject  of 
presbyopia,    that    the    use    of    spectacles    be    permitted     some 
years  earlier  than  usual.     The  most  extreme  degrees  are  in  the 
symptoms  characterised  by  the  fact,  that  very  near  the  eye,  the  sat) 
tj^pe  is  read  comparatively  better  than  at  a  distance.     The  expll 
nation  of  this  apparent  paradox  has  already  been  given.     Since  at 
distance  also  vision  is  not  acute,  the  suspicion  of  a  complication  i 
myopia  with  amblyopia   readily   suggests    itself.      Moreover,    the 
aggregate  of  the  symptoms  of  asthenopia  does  not  appear  distincl 
from  the  beginning  the  difficulty  is  there,  and  results  of  fatij 
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do  not  so  readily  present  themselves.  And  yet  in  this  case 
relief  is  also  above  all  to  be  sought  specially  in  the  use  of  convex 
glasses.  They  are  necessary  not  only  for  the  easy  performance 
of  close  work,  they  are  desirable  also  for  seeiog  at  a  distance- 
Here  we  need  not  be  afraid  of  obtaining,  by  their  means,  a  less 
desirable  displacement  of  the  relative  range  of  accommodation 
(compare  p.  125).  The  strength  of  the  requisite  glasses  is  dedaced 
from  the  degree  of  Hm  and  H,  For  ordinary  wear  the  glasses  most 
completely  neutralise  Hm,  In  reading  the  spectacles  fall  somewhat 
on  the  nose,  and  frequently  the  same  glasses  are  now  also  1 
sufficient  for  that  purpose ;  if  they  are  not,  we  give  some  a  little 
stronger,  so  that  735  comes  to  lie  within  the  desired  distance  of 
distinct  vision.  Accordingly  as  Hm  increases,  we  strengthen  the 
glasaes.  Where  complication  with  presbyopia  exists,  the  use 
of  two  pairs  of  spectacles,  one  to  wear  generally,  the  other 
for  clos^  work,  is  indispensable*  When  strong  glasses  are  necessary, 
the  preference  is  to  be  given,  among  other  reasons,  for  the  more  ad- 
vant^eous  position  of  the  principal  points,  to  periscopic  glasses, 
whose  concave  surface  must  be  turned  towards  the  eye. 

Are  we  in  H  to  hope  for  a  radical  cure  ?  The  answer  must  be 
in  the  negative.  A  priori,  we  should  think,  that,  as  the  emmetropic 
eye  may  become  myopic,  and  as  myopia  may  be  progressive,  H 
might  give  place  to  E  and  even  to  M*  In  fact  it  appears  possible 
ihat  H  of  the  as  yet  undeveloped  eye  might  disappear  during  the 
years  of  development*  But  if  the  development  have  once  taken 
place,  I  have  never  seen  H  give  way,  in  the  healthy  state  T  have 
never  seen  it  pass  into  E  or  M :  this  occurs  only  where  there  is 
increasing  convexity  from  disease  of  the  cornea.  On  superficial 
examination  one  may  be  deceived  in  this  respect.  A  gentleman, 
aged  54,  had  been  obliged  to  use  convex  glasses  so  early  as  in  his 
36th  year,  and  now  he  preferred  working  without  spectacles.    With 

S  =  1  he  had  Mz^^ry     Had  H  in  this  case  not  given  way  to  M  ? 

I  found  that  his  power  of  accommodation  was  completely  paralysed, 
and  that  it  had  been  so  from  his  36th  year,  and  ophthalmoscopic  in- 
vestigation indicated  progressive  M.  It  therefore  readily  suggested 
itself  that   at  the  age   of  36   the    paralysis    of  accommodation, 

with  M  s  57.  or  ^   had  rendered  convex  glasses  necessary,  which 

through  the  progress  of  M  had  become  superfluous,   and  indeed 
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inapplicable.  Hence  it  is  evident  that  the  eye,  when  of  hypermetropic 
structure,  has  no  tendency  to  M.  And  if  a  modification  in  this 
direction  does  not  sometimes  spontaneously  occur,  it  is  not  to  be 
expected  that  art  should  in  such  a  case  be  able  to  do  anything. 
How  could  we,  without  bringing  the  eye  into  danger,  endeavour 
with  any  force  to  make  the  cornea  more  convex  or  the  visual  axis 
longer  ?  The  cure  of  ordinary  asthenopia  by  division  of  the  muscles 
belongs  to  the  fables  of  the  period  of  operative  mania,  to  which  I  have 
in  the  course  of  my  historical  remarks  more  than  once  alluded.  We 
understand  that  tenotomy  of  the  mm.  recti  intemi  interferes  with  the 
convergence,  and  that  therefore  with  certain  degrees  of  the 
latter  in  binocular  vision  more  tension  of  accommodation  can 
be  associated.  This  tenotomy  acts  in  the  same  manner  as 
prismatic  glasses  with  the  refracting  angles  turned  in- 
wards, from  which  asthenopic  persons  in  fact  derive  some  advan- 
tage. In  two  instances,  where  the  action  of  the  recti  extemi 
was  evidently  very  weak,  von  Graefe  has*  also  actually  put  in 
practice  tenotomy  of  the  intemi.  He  adds,  however,  correctly,  that 
this  method,  contrasted  with  the  simple  choice  of  spectacles,  is  more 
interesting  than  practical.  And  in  truth  the  hypermetropia  cannot 
be  diminished  either  by  this  or  by  any  other  operative  method,  and 
the  asthenopia  wiU  not  be  permanently  removed.  I  may  add  that  when 
in  developed  strabismus  convergens  correcting  tenotomy  is  performed, 
the  use  of  the  convex  glasses  is  still  often  necessary,  to  prevent 
asthenopia  and  relapse  of  the  strabismus.  It  is  only  where  the 
asthenopia  depends  on  insufBciency  of  muscles,  that  the  operative 
method  can  have  its  triumphs. 

Some  cases,  which  I  shall  now  in  conclusion  relate,  will  afford 
me  the  opportunity  of  introducing  a  few  additional  practical  hints. 

H   does   not   always   cause   disturbance,    and   correction   is    then 

unnecessary. 

I.  An  elegant  lady,  aged  22,  is  under  treatment  for  glight  granulations. 
At  a  distance  her  vision  is  acute,  with  negative  glasses  it  is  not  so  good, 

with  -.X  and   indeed  with  ^,  it  is  as  acute  as  without  glasses,  but  un- 
40  24,  ° 

pleasantly  large ;  "  men  are  like  giants.' '    There  was  consequently  Hm  :=  — 

24, 

and  we  may  probably  infer  Ht  =  j^     Nevertheless  she  had  experienoed  no 
•  Archivf.  Ophthalmologie,  B.  viii.  Abth.  2,  p.  321. 
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kind  of  inconvenicnoe.  But  read  "she  did  not  mtioh,"  and  of  work  ah© 
**did  notliing."  Had  she  b«eii  obliged  to  do  mucih  cloae  worlc,  asthettopia 
would  not  have  been  absent.  Indeed,  she  now  remembered  that  she  could 
not  see  the  finest  things  so  accurately  aa  other  ladies  of  her  age,  and  that 
she  bad  even,  in  gating  at  distant  objeota^  ftometim(?a  obscrred  a  dimnesii. 
She  had  a  horror  of  spectacles.  Perhaps,  bein;^  well  able  to  comprehend  thia, 
I  ought  not  to  have  predicted,  that  with  her  30th  year  she  would  have  need 
of  them ;  the  recommendation  to  call  in  advice,  whenever  bhe  should  not 
see  near  objects  w^ell,  would  have  been  sufEoient^  Indted  lor  the  moment 
there  was  no  indication  for  spectacles,  which  would  only  have  produced  an, 
as  yet,  undesirable  displacement  of  tlie  relative  range  of  aceommodation. 
On  account  of  the  existing  H,  atricter  rest  had  to  be  enjoined,  so  long  as  tlie 
granulationa  lasted,  than  ia  otherwise  necessary* 

We  learn  to  distinguishi  at  firsrt  sight,  an  ordinary  case  of  asthenopia, 
the  result  of  H. 

n.  Miss  H.|  aged  19,  is  announoed.  She  has  a  florid  look,  has  clear  eyesi 
without  a  trace  of  diaeaae^  blue  iris,  mobile  pupil,  not  a  \qtj  deep  globe* 
flat  margins  to  the  aooket,  the  Tiaual  axes  appear  to  diverge.  I  suspect 
asthenopia*     I  make  her  read  and  bring  the  book  to  6'  i  reading  becomes 

difficult ;  at  5'  it  ia  impossible.     There  is  either  H  or  diminished  j-       My 

eye  falls  on  those  about  her»  I  see  a  brother  with  converging  strabi&mua. 
Thia  was  decisive  in  favour  of  11.  *'  You  cannot  persevere  with  your  work." 
She  answers:  *'  No."  *'  On  eiertion  you  get  a  feeling  of  tension  over  the 
eyes^  press  upon  the  part  with  the  hand,  rub  over  Uie  closed  eyes,  and  , 
then  it  passes  olF,  but  only  for  a  short  time  ?  "  "  Precisely/'  is  the  anawer. 
Confidence  ia  gained.  **  You  have  no  pain  in  the  eyes  F  **  **  At  a  distance 
you  see  well?  "     •*  Yes.'*    "After  a  long  rest  you  can  coDtioue  your  work 

better  ?  **  '*  Yea^  yes*** — With  ^  she  diBtinguishea  well  at  a  distance,  and 
moving  the  glasses   at   the   first  moment   not   so   well ;   with  -  not  ao 

acutely  as  with  ^,with  r-  not  more  acutely;  between  the  two  eyes  there 

is  little  difference,  Ophthalmoscopioally  all  is  well.  I  learn  further,  that 
for  some  years  the  inconvenience  felt  in  working  baa  been  always  increasing ; 
that  formerly  when  weakened  by  fever,  she  could  for  a  time  neither  read 
nor  sew  ;  that  she  once  tried  a  pair  of  spectacles,  but  was  strongly  cautioned 

against  wearing  them,  &g,,  &c.     She  gets  spectacles  of  ^^Ui  work  with,  with 

a  recommendation  now  and  then  to  pause  for  a  little,  and  at  first  not  to  do 
much  in  the  evening.  At  the  end  of  a  week  she  has  forgotten  her  ailment. 
She  now  works  too  with  less  trouble  occasionally  for  a  short  time  without 
apeotAcles,  which  I  advise  her  to  do,  though  with  the  recommendation  to 
return  to  the  use  of  the  spectacles  on  the  least  trace,  or  rather  before  the 
oAOurrence  of  fatigue* 
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Asthenopica  have  sometimes  a  sad  past,   and   live  in  a   gloomy 

fat  ore. 

II r.  Tlie  Rev,  G.  D*,  aged  62,  looks  dejected.  **  My  good  Profwa 
flaya,  »'  1  come  to  you,  for  I  feel  that  I  am  getting  blind !  **  For  t 
twenty  years  he  has  thought  that  within  a  year  he  should  be  blind ;  &nd, 
singularly  enough,  Although  he  still  sees,  he  oontinues  to  look  upon  eTery 
year  as  the  last  \  Such  is  the  man  [  His  life  hat  been  a  struggle  with  his 
eyes.  Even  as  a  child  he  read  with  difficulty.  When  a  studeut,  the  least 
exertion  fatigued  him,  and  he  was  oompelled  to  learn  more  by  hearing  than 
by  his  owu  study.  As  a  preacher,  he  haa  been  obliged  to  write  his  sermons 
in  a  rather  large  hand,  and  still  to  get  them  off  by  heart.  And,  what  wai 
the  worst  part  of  it,  he  never  read  nor  worked  without  the  idea  that  he  waa 
thtts  hastoDing  his  blindnens— -interfering  with  the  ooneentratiou  of  his 
mind  upon  any  definite  object.  The  same  fear  of  blindness  had  restrained 
him  from  a  matrimonial  alliance  with  which  he  believed  hia  happineaa  for 
life  to  be  oonneoted*  He  trusted  in  art.  He  had  faith  in  a  person  he  con* 
suited  in  Germany  ;  and  if  the  optician  had  sometimes  given  him  speotaoka 
which  had  brought  him  relief,  these  were  mercilessly  taken  from  him  again 
by  the  oculist  on  the  first  consuitation^  as  a  treacherous  instrument  which 
muEit,  in  the  end,  inilicc  upon  him  the  total  loss  of  his  sight   At  last  he  had 

in  hia  fortieth  year,  got  convex  glasses  of  j-^  and  he  now  uses  ~ .  **  Do  you 
see  with  these  apectaolea  at  a  distance  F  *'  was  my  first  inquiry.  **  Some- 
thing better,"  he  replied,  **  but  still  rery  imperfectly/*    I  tried  j^r  '*Mnch 

better '^  was  his  verdict ; — subsequently  I  gave  him  -xi  "Still  better.**    In 

o 

1  17 

a  word,  there  waa  H  =  ^  with  8  =  ^^,  and,  with  hia  alight  range   of 

accommodation,  he  needed  glasaea  of  f;^,  in  order  to   make  reading  at 

the  distance  of  a  foot  ea»y»    He  got  »  to  wear.    The  man  waa   gratef^^| 

as  a  child.  He  left  me  as  one  saved  from  destruction.— Such  victims  of 
the  prejudice  against  the  use  of  convex  glasses  are  not  unoommon.  ^h 

Where  II  exists^  paralysis   of  accomoiodatioe  may   give   rise   to^ 
disquieting  symptoms. 

IV,  £.  K.,  a  boy  of  ten  years,  son  of  Dr.  K.,  remarks  in  the  morning  that 
he  is  not  in  a  condition  to  read.  His  father  sees  that  the  pupils  are  rather 
large  and  are  immovable*  Paralysis  of  accommodation  occurs  to  him ;  but  at 
adistanoe  also,  the  boy  cannot  properly  distiuguiah  objects :  '*  there  must  oonae- 
quently  be  a  larking  affection  of  the  optio  nerve  or  of  the  brain-"  He  brbga 
his  son  to  me.     I  esUbliah  the  fact  of  paralysis  of  the  sphincter  of  the  po^ 


* 


I 


ILLUSTRATIVE  CASES, 

in  botb  eyes.  Neither  oa  convergence,  nor  on  the  incidence  of  strong  light^ 
does  contraction  of  the  pupil  arise :  aceommodative  and  reflex  movementB 
are  both  absent.  The  inference  that  tb^re  is  paralysis  of  aooommodation 
is  thufl  juslitied.  Why  cannot  the  boy  see  eyen  nt  a  distance  f  A  glance 
with  the  ophthalmoseope  clears  all  up :  it  appears  I  must  accommodate  about 
1 
^2  in  order  to  see  in  the  unin verted  image  the  fundus  oouli ;  and,  as  I  am  emme- 


tropic, our  boy  bafl  therefore  H  of  about  ---r 

I 


With  -,i  he  then  aaw  admira- 


blv  at  a  distance ;  with  ^  he  read  at  the  distance  of  a  foot. 


All  fear  of 


an  aflection  of  the  system  of  the  optic  nerve  was  gone.  In  speaking-  of 
the  anomalies  of  accommodation^  I  shall  revert  to  such  cases.  Here  it  may 
suffice  to  observe  that  within  four  weeks  the  paralysis  had  given  way^  the 
H  had  again  gradually  become  for  the  most  part  latent,  and  that  in  what 
the  boy  had  to  do  or  to  read,  he  now  no  longer  oom plained  even  of  fatigue. 
In  a  few  years  asthenopia  may  be  expected,  and  the  uae  of  the  convex  spec- 
tacles while  worldng  will  then  be  indicated* 


[  of  accommodatioB  in  young  persons  is  scarcely  distinguishable 
from  asthenopia  through  H. 


.  J,,  a  boy  aged  14,  is  brought  to  me,  com  plaining  that  for  some 
baa  been  unable  to  read.  He  looks  pale  and  weakly.  I  suspect 
I  asuicuupia^  whether  in  consequence  of  a  slight  degree  of  H,  with  peculiarly 
debilitating  causes,  or  in  consequence  of  paresis  of  accommodation.  The 
pupils  move  well.  '*  Do  you  feel  weak  ?  ■*  **  Yes,  I  have  not  yet  recovered 
my  strength  after  an  attack  of  sore-throat/'  The  articulation  of  words  is 
imperfect,  he  speaks  through  his  nose,  and  the  soft  explosive  conionants  (6,  d^ 
and  jf)  are,  especially  at  the  end  of  the  words,  pronounced  as  correfiponding 
nasals  (m,  n,  ng)  (paresis  of  the  palate).  These  symptoms  are  charao- 
teristic  as  the  result  of  angina  diphthentica  (betterj  iUphtherina), 
I  therefore  infer  the  existence  of  paresis,  notwithstanding  the  movable 
pupils.  At  a  distance  S  is  ^  1»  and  neither  convex  nor  concave  glasses  are 
borne :  consequently  we  have  to  deal  with  E.  The  nearest  point  lies, 
instead  of  at  3',  at  9^,  and  can  be  maintained  there  only  for  a  moment, 
as  by  spasmodic  tension.  The  statement  of  the  case  is  more  accurately  for- 
umliled  as :  Heading  can  be  maintained  only  for  a  m omenta  vision  at  a  dis- 
tance ia  excellent.  From  ordinary  asthenopia,  in  conseiiuence  of  H,  the 
condition  is  distinguished  by  its  rapid  appearance  (XjE?.,  about  a  fortnight 
after  the  symptoms  of  angina  had  given  way)^  by  the  easy  permanent 
▼iaion  at  a  distance  (this  w  as  not  observed  by  the  patient,  but  was  found 
on  examination),  and  by  the  almost  immediate  occurrence  of  fatigue  and  of 
lute  impossibility  of  seeing  near  objects. 

Muscular  asthenopia  may  be  connected  with  IL 
rr.    P.  Ct  aged  20  years,  comes  with   the  ordinary  complaint  of  asthe- 
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nopia,  which  has  existed  from  youth.    Hm  -^v  is  established,  and   H  ^ 

g:iven  to  read,  wherewith  p  comes  to  lie  at  6".  At  the  end  of  a  week  the 
patient  comes  again ;  he  can  persevere  somewhat,  but  not  much,  longer. 

Paralysis  by  atropia  discloses  H  :=  — .    Glasses  of  -—  are  permitted,  with 

which,  after  the  paralysis  of  accommodation  has  ceased,  every  distant 
object  is  in  a  mist,  and  the  patient  reads  by  preference  at  only  8* 
distance,  notwithstanding  that  S  =  1  :  moreover,  the  unpleasant  tension  in 
the  eyes  and  in  the  forehead  becomes  greater  than  before.  Insufficiency 
of  the  muscles  now  suggests  itself.  The  movements  are  free  in  every 
direction ;  the  convergence,  on  the  contrary,  is,  on  the  approach  of  the 
object,  maintained  only  at  5',  and  behind  the  hand,  the  one  eye 
deviates  much  more  rapidly  outwards ;  on  the  contrary,  there  is  at  a 
distance  single  vision,  when  a  prism  of  10^  is  held  before  the  eye  with  the 
angle  outwards,  for  which  a  divergence  of  the  visual  lines  of  aboat 
6*>   is  required   (compare  p.  132.)     Evidently,  therefore,   the   mm.  recti 

interni  are  insufficient.      Glasses  of  y^,  placed  very  close  to  one  another, 

make  the  convergence  required  somewhat  less,  but  render  no  aasiatanoe. 

Permanent  help  is  derived  only  from  spherico-prismatio  glasses  ^j^  with  a 

prism  of  5^).    In  this  case  we  should  have  been  justified  in  cutting  through, 

in  one  of  the  eyes  at  least,  the  tendon  of  the  m.  rectus  extemus ;  the  con- 
vergence would  have  become  easier,  and  yet  even  at  a  distance  there  would  not 
have  been  double  vision.  "  Shall  I  then  be  able  to  read  without  spectacles?  " 
I  was  obliged  to  ^ve  a  negative  answer.  Indeed,  when  the  convergence 
became  easier,  less  tension  of  accommodation  could  be  associated  therewith, 
and  the  existing  II  would  therefore,  still  more  than  before,  give  rise  to 
asthenopia.    Therefore,  too,  in  the  combination  with  a  prism,  the  convex 

glass  must  be  rather  strong  (   -  V   My  answer  made  the  patient  shrink  from 

the  operation.  The  almost  perfectly  latent  existence  of  the  H  was  con- 
nected with  the  insufficiency  of  the  mm.  interni ;  the  prism  alone,  without 
combination  with  a  spherical  glass,  made  a  greater  portion  manifest. 

Strong  H  in  a  cliild  has  hitherto  been  allno^i  iuvariablv  regarded 

as  M. 

VII.  A  girl,  aged  six  years,  is  said  to  have  very  weak  eyes.  If  she 
wishes  to  see  anything,  she  runs  to  a  bright  light,  and  holds  the 
object  directly  before  her  eyes.  Her  anxious  parents  had  taken  much 
advice  respecting  her  ;  the  child  was  generally  considered  to  be  near-sighted. 
The  fact  that  she  so  particularly  looks  for  bright  light,  in  order  to  see  any- 
thing well,  makes  me  doubt  the  correctness  of  this  opinion :  in  that  case 
considerable  amblyopia  would  necessarily  be  combined  with  the  myopia. 
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From  the  external  appearance,  I  had  soarcely  a  doubt  of  the  existence  of 
H.  At  the  distance  of  3'  tho  child  «aw,  with  her  keiid  aslant  and  her  eye- 
lids nearly  cloaed,  No.  Ill  of  Snellen ;  Bmaller  letters  she  did  not  eee  j 

with-    on  the  contrary,  she  saw  11  at  8":    so  the  proof  waagupplied,    S 

waa  ^  '.     Probahly  aatigraatism  exists,  to  be  more  fully  inreatigated  at  a 

somewhat  later   period,  whea  the  patient   shall    be  able  to  give  a  more 

aoctiraie  acoount  of  herself.     Meanwliile,  she  may  provisionally  us©  -  m 

6 

learning, — if  she  chooses  she  may  also  up eai  them  habitually.    *'  This  she 

would  rather  not  do." 


Even  ^tli  a  slight  degree  of  H^  tensiou  of  accommodatioQ  may 
be  paiixful. 

TxiL  Mr.  X,f  a  lithographer^  aged  twenty-one,  has,  until  some  months 
ip  been  able  without  trouble  to  perform  even  his  work.  Now  and  then,  it 
le,  he  got  a  pain  in  his  eyes,  but  that  he  attributed  to  excessive  exertion. 
late,  however,  the  paitis  arc  so  frequent,  and  rapidly  hccomc  so  violent, 
that  he  is  obliged  to  forego  his  work.  Al>ove  the  eyes  h«  fteb  at  most  a 
slight  pressure;  in  the  eyes  theuiselves  the  pain  settles,  and  is  at  the  same 
time  stingin;^  and  oppressive.  Soon  after  leaving  oif  work  the  pain  always 
oeaaes,  and  if  he  refrains  from  exertiun,  and  from  dxiug  his  sight  strongly, 
it  does  not  return.  Objectively  oo  morbid  ehange  is  perceptible  in  the  eyes. 
The  movements,  too,  are  normal j  divergeno^j  with  prisms  held  before  the 

eye9  is  impossible.     Examination  indicates  only  Hm  =7T7;-    After  arti lie ial 

mydriasis  we  obtain  Hm  ^  — .  Glasses  of  -^  and  of  —  are  of  no  use.  In- 
deed, at  tlie  patient  s  time  of  life,  and  with  his  range  of  aceommodalion 
^  1  :  4*3,  he  would  easily  have  overcome  the  existin^'^  H«  Fomier  oases  had 
taught  me,  that  all  medication  iu  this  inataDce  would  be  useless^  except  daily 
repeated  paralysis  by  atropia.     To  this  I  had  in  the  present  case  immediate 

recourse,  at  the  same  time  prescribing  glasses  of  .tt  ^or  distant,  and  of  -  for 

near  objects.  The  pain  forthwith  ceased,— This  case  hclonga  properly  to  the 
anomalies  of  accommodation,  to  which  I  shall  revert  more  at  length,  I 
have  communicated  it  here,  because  I  haveob8erved  such  instances  of  pain- 
ful spasm,  on  evtry  teuBion  of  accommudation,  only  where  H  exists.  It  is 
true  they  are  rare :  altogetht^r  I  have  seen  but  three. 

We  must  beware  of  raistaktiig  apparent  for  true  asthenopia* 

IX.  ^f^>i.N*, aged  thirty-three  years,  a  nervous,  weak  little  person, complains 
that  she  caimoi  continue  her  work.   She  soon  becomes  tired  and  sufiers  pain, 

19 
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the  eye  begins  to  weep,  and  she  cannot  resume  her  ooonpatioii  during  the 
entire  day.  In  the  evening  especially  she  is  obliged  stricUy  to  aToid  all  ex- 
ertion ;  occasionally,  too,  some  photophobia  is  present  I  make  her  nad :  she 
holds  the  book  at  about  lO*,  and  says  she  can  still  distinguish  accurately 
when  I  bring  it  5'  nearer.  Already  I  suspect  that  no  H  exists.  At  a  dis- 
tance S  appeared  only  =  -rz ;  but  while  positive  glasses  diminish  still  more 

the  acuteness  of  vision,  S  becomes  =  1,  with  the  use  of  —  „_:  there  u  oon- 

scquontly  M  =  ^-.    Closer  investigation  of  her  case  shows,  that  it  differs 

in  many  respects  from  asthenopia  by  H.  She  has  pain  in  the  eyes  them- 
selves, which,  properly  speaking,  always  continues,  and  only  increases 
on  exertion  ;  the  characteristic  tension  above  the  eyebrows  is,  on  the  con- 
trary, absent ;  moreover,  to  the  last  moment  she  sees  acutely,  and  it  is  only 
the  pain  which  makes  her  give  up  work.  With  these  symptoms  there  is 
now  a  slight  irritation  of  the  eyes  persistently  present.  Ophthalmoscopic 
investigation  reveals  capillary  hypereemia  of  the  optic  nerve.  Nothing  more 
is  to  be  seen.  Such  cases  are  not  uncommon;  they  occur  mostly  with 
myopia,  but  they  are  also  met  with  in  other  eyes.  It  is  a  not  well  explained 
form  of  hypenesthesia,  in  connexion  with  symptoms  of  congestion.  Blue 
glasses,  resting  the  eyes,  stimulating  derivatives,  &c.,  are  only  too  often 
tried  in  vain.  To  refer  such  cases  to  asthenopia  is  to  call  two  conditions 
widely  different  both  in  essence  and  in  symptoms,  by  the  same  name. 

Absolute  H  of  the  highest  degree  simulating  M  with  amblyopia. 

(Case  kindly  communicated  by  Mr.  Bowman  to  the  author,  compare  p. 
258.) 

Mr.  T.,  twenty-five  years  of  age,  has  very  small  globes — as  far  as  can  be 
judged  they  would  appear  of  this  size  on  a  horizontal  section  (Fig.  121  a). 
Fig.   120  represents  about  the  size  of  cornea  and 
rig.  1-0.  pupil.    The  antero-posterior  diameter  is  too  short, 

but  so  also  are  the  transverse  and  vertical,  so  that 
the  eye  does  not  look  too  Jlat  on  a  lateral  view. 
The  anterior  chamber  is  shallow  (the  iris  near  the 
cornea) — the  pupil  has  this  range  under  varying 

light  (^ .  As  to  the  presence  of  the  lens,  the  patient 
was  unwilling  to  have  the  pupil  expanded  by  atro- 
pia ;  but  I  perfectly  satisfied  myself  by  the  catoptric 
test  that  the  lenses  are  present — the  reflexion  from 
the  front  being  very  distinct  The  convex  form  of  the 
iris  and  the  prominence  of  the  pupil  are  also  evidently 
due  to  the  iris  being  thrown  forwards  by  the  lens. 
When  I  first  saw  Mr.  T.,  in  1856,  he  was  at  College, 
and  )iad  distinguished  himself  by  scholarship,  but  his  sight  had  become 
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much  ijitigued,  and  be  acoordisgly  consulted  me.  He  was  niing  for  the 
right  ©ye  a  convex  glass  of  ^  for  distant  TiMon,  and  when  h©  held  this 

glasa  at  2  or  3  inches  in  hont  of  the  eye,  he  could  read  a  book  held  two 
fe«t  oft.  Without  a  glass  he  could  read  the  sroaUest  print  (diamond  =e 
Jaeger  No.  1)  at  about  ^  of  an  inch  from  the  eye. 

He  had  up  to  thia  time  always  used  the  right  eye,  and  attempt*  were  made 
ta  bring  the  lefl  eye  into  uae,  but  without  sueoess  m  regards  comfort,  though 
the  Tisioa  of  that  eye  improved  undiT  them. 

In  the  Bummer  of  1857  he  had  eome  to  use  the  right  eye  in  reading,  with- 
out a  glass,  and  holding  the  print  very  close.  He  could  thus  read  with 
tolerable  comfort. 

In  May,  1862,  he  had  been  some  time  in  the  habit  of  employing  strong 

conrex  glasses,  viz.,  —  for  distant  vision,  being  then  able  to  see  Jaeger,  No, 

18,  at  eight  feet;  and  -  for  reading,  being  then  able  to  see  Jaeger,  No.  2, 
at  4%  with  comfort^  unless  in  a  strong  light. 


§24.   STEilBISMUS   COKVERGEKS,  THE   BeSULT   OF   H. 

Strabismus  is  a  deviation  in  the  direction  of  the  eyes,  ijj  conse- 
quence of  which  the  two  yellow  spots  receive  images  from  different 
objects.  In  stmbi^mus  the  visnal  lines  tlo  not  cross  one  another  in 
the  point  it  is  desired  to  observe;  only  one  of  the  two,  that  of  the 
mideviatiijg  eye,  is  directed  to  that  point-  Under  this  deviation  not 
only  doe^  the  expression  of  tlie  face  suffer  from  the  want  of  sym- 
metry in  its  most  eloquent  jiarts,  but  the  power  of  vision,  at  least  in 
one  of  the  eyes,  is  usually  disturbed,  and  the  squinter  always  loses 
the  advantage  of  binocular  vision. 

Strabismus  is  not  an  independent  morbid  condition ;  as  is  com- 
prised in  the  definition  given,  it  is  only  a  symptom.  We  may  add, 
that  it  is  a  symptom,  ck-pendent  on  very  differeut  conditions,  and  as 
such  connected  with  other  very  different  phenomena,  lie  who  pro- 
poses to  write  a  manual,  and  in  it  to  treat  systematically  of  all 
defects  of  the  eye,  will  more  than  once  meet  with  strabismus,  as  a 
more  or  less  constant  result  of  dtfiiiite  conditions.  It  will  repeatedly 
occur  as  a  constituent  of  a  compound  anomaly,  in  which  it  is  con- 
nected with  the  cause  on  which  it  depended,  and  with  all  the  results 
of  that  cause.     But  there  will  be  no  room  for  it  as  an  independent 
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form  of  disease.  It  is  only  in  a  book  on  semeiotics  that  we  have  to 
treat  of  strabismus  in  general. 

If  this  view  has  been  long  received,  writers  have  not  been  faithful 
to  it.  To  ascertain  this,  it  is  sufficient  to  consult  the  manuals.  A 
special  chapter  is  devoted  to  strabismus.  In  this  everything  which 
has  reference  to  this  deviation  is  treated  of;  elsewhere  strabismus  is 
only  incidentally  mentioned.  Even  in  the  investigation  of  its  causes,  all 
forms,  different  as  they  may  fundamentally  be,  are  treated  of  alike.  In 
the  monographs  the  case  is  sometimes  no  better.  Is  it,  then,  strange 
that  the  pathogeny  of  strabismus  is  still  so  very  obscure  ?  It  is  an 
attribute  of  human  nature  to  suppose  for  each  phenomenon  which 
occurs  an  external  cause,  and  readily  to  assume  as  such  the  first  which 
presents  itself.  From  this  rashness  and  credulity  pathology  has  not 
entirely  freed  itself.  With  respect  to  strabismus,  the  cause  is,  on 
the  authority  of  mothers  and  nurses,  often  sought  in  all  kinds 
of  accidental  circumstances,  and  thus  the  source  of  the  abnor- 
mity, which  originally  consisted  in  the  form  of  the  eye,  is  over- 
looked. 

We  now  know  that  by  far  the  greater  number  of  cases  of  strabis- 
mus are  connected  with  anomalies  of  refraction. 

According  to  the  (h'rection  of  the  deviation,  two  forms  of  oblique 
vision  are  specially  to  be  distinguished :  strabismus  convergens  and 
strabismus  divergeus.  The  main  result  of  our  investigation  may  be 
expressed  in  these  two  propositions  . — 

1.  Sfrahhmus  convergens  almost  always  depends  npon  hyper- 
me  tropin, 

2.  Strabismus  diver  gens  is  usually  the  result  of  myopia. 
We  have  here  to  treat  only  of  strabismus  convergens. 
Experience,  in  the  first  place,  shows,  that  strabismus  convergens 

is,  in  the  great  majority  of  cases,  combined  with  H.  In  172  cases 
investigated  by  us,  II  was  133  times  proved  to  exist  in  the  undevi- 
ated  eye.  In  nine  cases  myopia  existed,  five  times  to  such  a  great 
degree  that  the  form  of  the  distended,  but  little  movable,  eyeball, 
admitted  of  no  other  condition  ;  in  thirteen  cases  difference  of  refrac- 
tion of  the  two  eyes  was  recorded ;  five  times  inflammation  was  the 
cause ;  at  least  ^wc  times  paralysis  had  gone  before ;  three  times 
there  was  complication  with  congenital  cataract,  twice  with 
nystagmus. — It  is  evident  how  greatly  II  preponderates :  it  occurs 
in  about  77  per  cent,  of  the  cases.  And  yet  I  am  convinced,  that 
if  we  could  investigate  without  distinction  all  cases  of  strabismus  con- 
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▼OTgens  which  occur  in  a  given  population,  H  would  be  met  with 
relatively  still  more  frequently.  In  the  first  place,  ordinary  cases 
of  stnibismus  convergeus  are  seldom  lir ought  to  the  oculist,  and 
these  are  precisely  the  cases  in  which  H  is  the  only  cause ;  if  in- 
flammation, paralysis,  or  any  special  complications  be  present,  the 
patients  do  not  delay  to  call  in  help  ;  and  thus,  in  proporl  ion  to  the 
whole,  a  greater  number  of  these  exceptional  c^ses  comes  to  be 
seen.  Moreover,  cases  are  included,  winch  it  is  not  usual  t<} 
refer  to  the  head  of  strabismus  convcrgens,  as  tolerably  recent 
instance  of  paralysis  of  the  abducent  mnscle;  too  strongly  con- 
vergent,  nearly  immovable  myopic  eyes^  &c.  And,  fmally,  some 
jSfdinary  certainly  rather  than  extraordinary  cases,  whose  pathogeny 
not  wholly  cleared  up,  have  been  neglected. — I  therefore  do 
not  hesitate  to  declare,  that  it  is  exceptional,  to  find  strabismus 
convergens  without  hypernietropia. 

In  general,  it  is  not  the  highest  degrees  of  H  with  which  stra- 
bismus is  combined.  Ofteti  even,  at  least  in  young  persons,  the 
hypcrmetropia  is  completely  latent :  it  was  involuntarily  iieotralised 
by  tension  of  the  power  of  accommodation,  and  appeared  first  on 
artificial  paralysis  of  the  accommodation.     Where  it  was  manifest,  it 


amounted  to  from  —   to 


--,  rarely  to  -  or  more. 


The  total  hv- 


permetropia  was,  so  soon  as  it  was  manifest,  usually  not  examined, 
but  of  coiu-se  attained,  especially  in  young  subjects,  a  considerably 

higher  degree.     With  —-  manifest  H  more  than  —  total  H  may  in 
30  lo 

general  be  assumed;  for  where,  with  complete  want  of  manifest,  the 

total  was  defined  under  the  influence  of  paralysis  of  accoinmo{lation, 

1 


the  latter  was  seldom  imder 


15' 


Since  in  strabismus  convergens  H  in  general  exists,  no  other  con- 
nexion is  conceivable  than  that  H  is  the  cause  of  the  deviation. 
H  is,  indeed,  the  primary  anomaly,  to  be  sought  in  the  structure  of 
the  eye,  and  originally  proper  to  the  organ;  strabismus  is  the 
Bccondarj^  condition,  which  does  not  arise  until  some  years  after 
birth.  In  the  first  period,  in  the  commencement  of  the  so-called 
periodical  oblique  vision,  it  can  be  proved  that  H  akeady  exists : 
unquestionably,  therefore,  it  precedes"  the  squinting.  And  if  we 
add,  that  the  incipient  strabismus!  again  gives  way,  when  the  hyper- 
metropia  is  neutralised  by  a  convex  glass,  we  readily  infer  that  H 
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may  produce  strabismus.     The  only  qaestion,  therefore,  is,  how  it 
ran  do  this,  and  the  answer  is  evident. 

The  hypermetropic  individual  must,  in  order  to  see  distinctly, 
accommodate  comparatively  strongly.  This  holds  good  for 
all  distances.  Even  in  looking  at  remote  objects  he  must 
endeavour  to  overcome  his  hy|)ermetropia  by  tension  of  accommo- 
dation, and  in  proportion  as  the  object  draws  near,  he  must  still 
add  so  much  accommodation,  as  the  normal  emmetropic  eye  should 
need  on  the  whole.  The  vision  of  near  objects  therefore  especially 
requires  extraordinarj'  tension.  Now,  as  we  have  seen  (compare 
p.  110),  there  exists  a  certain  connexion  between  aecommodation 
and  convei^ence  of  the  visual  lines :  the  more  strongly  we  converge, 
the  more  powerfully  can  we  bring  our  faculty  of  accommodation  into 
action.  A  certain  tendency  to  increased  convei^ncc,  so  soon  as  a 
person  wishes  to  put  his  power  of  accommodation  upon  the  stretch, 
is  therefore  unavoidable.  This  tendency  exists  in  every  hTpermetropic 
person.  An  emmetropic  person  may  also  convince  himself  of  this 
by  holding  negative  glasses  before  his  eyes,  and  thus  bringing  the 
latter  temporarily  into  a  condition  of  hypcrmetropia.  He  will  dis- 
tinctly remark,  that  on  the  endeavour  to  see  accurately,  double 
images  every  time  threaten  to  appear  as  the  result  of  increased  con- 
vergence,  and  that  he  soon  has  a  choice  only  between  indistinct 
vision  and  squint.  Probably  this  conflict  exists  unconsciously  in  the 
case  of  all  hj-permetropic  persons. 

Hypcrmetropia  is  a  very  widely  spread  anomaly.  I  am  con\'inced 
that  it  occurs  still  more  frequently  than  myopia.  Now,  if  strabismus 
convergens  is  in  general  the  result  of  hypcrmetropia,  the  latter 
evidently  is  very  often  met  with  without  strabismus;  we  may  even 
say,  that  only  in  a  comparatively  small  number  of  cav^^cs  of  hypcr- 
metropia is  strabismus  developed.  This,  however,  need  not  by  anv 
means  surprise  us.  In  general,  in  fact,  the  neo(»ssity  of  seeing  a^ 
object  single  with  both  eyes  together,  is  deeply  felt.  The  direction 
of  the  visual  lines  is  thereby  forcibly  determined.  Of  this  I  con- 
vinced myself,  many  years  ago,  in  my  experiments  on  the  action  of 
prismatic  glasses.*  If  we  bring  a  weakly  prismatic  glass  with  the 
refracting  edge  turned  inwards,  before  one  of  the  eyes,  (he  fixed 
object  is  directly  seen  double,  but  increased  convergence  is  imme- 
diately involuntarily  produced,  which  makes  the  double  imaees 
•  Nederlandsche  Lancet,  2*  Ser.,  D.  ill.  p.  233.    1845. 
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;  and  if,  some  moments  later^  we  again  remove  the  glass^ 
double  images  for  an  instant  reappear,  which,  however,  equally 
rapidly  disappear,  in  consequence  of  lessening  the  convergence.  Now, 
^  is  as  if  the  double  images,  of  their  own  accord^  again  coalesce : 
the  movement  made  takes  place  so  spontaneously,  that  the  person  is 
iiot  even  conscious  of  it.  This  abhorrence  of  double  images,  or  rather 
the  instinctive  adherence  to  binocular  vision,  preserves  most  hyperme- 
Iropic  individuals  from  stnibismus.  They  sacrifice  the  advantage 
of  seeing  accnrately,  rather  than  to  allow  that  on  the  two  yellow 
spots  different  objects  should  form  their  imiiges.  In  this,  therefore, 
we  find  the  reason,  why  not  nearly  all  hypermetropics  squint. 
If  one  eye  be  covered  with  the  hand,  while  it,  as  well  as  the 
oilier,  is  open,  the  visual  line  will,  in  mosi  hypermetropics,  rapidly 
deviate  inwards.  The  same  thing  takes  place  when  an  emmetropic 
person  holds  a  negative  glass  before  the  uncovered  eye. 

The  question  which  now  suggests  itself  is  :  What  circumstances 
Biust  cooperate  to  give  rise  to  strabismus  in  hypermetropic  indi- 
vidimls? 

These  circumstances  are  of  a  twofold  nature :  a,  those  which  di- 
minish the  value  of  the  binocular  vision ;  if,  those  which  render  the 
onvergence  easier. 

To  the  first  class  belong  t 

1*.  Con^eniial  difference  in  the  a-ccuram/  of  vision y  or  in  ike  re- 
-act we  condition  of*  the  two  e^e^.—Xn  hypermetropia  the  accuracy  of 

bn  is  often  imperfect,  whether  in  one  or  in  both  eyes.     This  is 

part  attribntable  to  fistigmatisra,  in  part  to  a  still  unknoT^n  im- 
perfection of  the  retina.  If  the  diminished  accuracy  of  vision  affecta 
mlj  one  eye,  then,  on  too  great  convergence,  the  image  of  this  eye 
ill  not  so  much  disturb  vision.  The  same  is  tlie  case  when  the  degree 
I  of  II  in  the  deviating  eye  is  greater,  and  the  image  in  this  eye  is 
therefore  less  accurate.  In  either  case,  consequently,  strabismus 
will  more  easily  arise.  Bat  the  tendency  doubly  increases  when  both 
eircumstanceg,  a  higher  degree  of  H  and  diminished  accuracy  of 
rision,  as  is  often  the  case,  occur  combined  in  the  same  eye.  If  the 
eye  has  long  been  deviated,  there  arises  a  secondary  diminution  of 
the  accuracy  of  vision,  as  a  result  of  strabismus,  to  which  I  shall 
Inbseqnently  revert.  In  that  case,  however,  we  can,  with  the  aid 
nf  the  ophthalmoscope,  often  demonstrate  a  still  higher  degree  of  H 
of  this  eye. 
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2''.  SpoU  on  the  cornea. — It  is  often  remarked^  that  in 
\*ision  the  denatal  eye,  or,  indeed,  hoth  eves,  exhibit  opacity,  or 
sjKits  on  the  cornea.     Pagenstecher    and    Saemisch    have  recently 
called  attention  to  the  frequent  occurrence  of  corneal  spots  in  stra- 
bi.sinus.     It  do<:s    not   api)ear  to  uie,   however,  that  spots  on  the 
cornea  should,    in  theins<'lves,  be  capable  of   exciting  strabismus. 
Although  the  image  of  the  second  eye  is  less  perfect,  experience 
shows  that  oven  then  the  preference  is  given  to  binocular  vision ; 
nor  is  it  «rxplicablc  that  one  of  the  eyes  should  be  inclined  to  de- 
viate, merely  for  the  purpose  of  making  a  quite  different,  rather  than, 
it  is  true,  an  unequal,  but   still  corresponding,  image  fall  ujwn  the 
yellow  spot.     Ruete*  has,  upon  good  grounds,  in  this  way  decided 
the  contest  Ixjtween  Beer  and  Job.  Mueller.     But  it  is  quite  a  dif- 
ferent question  whether,  where  hypermetropia  exists,  specks  on  the 
cornea   and  other  obscurities  might    not  increase  the  tendency  to 
strabismus ;  whether  the  less  accurate  image  in  the  visual  axis  might 
not  make  the  image  less  disturbing,  and  diminish  the  abhorrence  of 
an  accessory  second  image.    I  am  very  much  inclined  to  assume  this. 
At  least,  I  find  specks  on  the  cornea  much  more  common  in  hvper- 
metropia  with  .strabismus,  than  in  liyj)ermetropia  without  strabis- 
mus.   It  is  true,  tliere  may  be  still  another  connexion  between  specks 
on  the  cornea  and  strabismus,  to  whirh  Ruetet  has  already  directed 
attention :  an  inflammation,  namely,  which  produces  these  si)ecks  on 
the  cornea,  may  extend  beneath  the  conjunctiva    to  some  of  the 
muscles  or  their  envelopes,  and  produce,  first,   a  spasmodic,   and 
afterwards  a  nutritive,    contraction.     Such    cases  I    have    already 
above  mentioned.     They  are,  however,  comparatively  rare  ;  but  they 
may   in  part  explain  the  i)reponderance  of  specks  on  the  cornea 
in  hypermetropia  with  strabismus. 

In  th(*  second  place,  as  I  have  remarked,  the  origin  of  strabismus 
is  promoted  by  circumstances  wliich  render  convergence  easier.  Under 
this  head  are  to  be  notetl : 

1'.  Pecuf'mr  sfrucfure  "r  infiervaf'wn  "/the  mu^cten  ;  east/  moliUtif 
of  fhe  ejjt'haJh  hiir/nh. — >^'ot  mifrequently  a  congenital  insufficiency 
of  the  museuli  recti  intenii  occurs.  It  may  readily  be  assumed  that 
the  opposite  also  may  be  the  case ;  and,  in  fact,  some  eyes  converge 
without  any  particidar  tension  up  to  3',  nay,  even   up  to  2',  and 

•  Lehrb.  tier  Ophthalmoloyie  /.  Aerzte  uhJ  Studirfmle.  B.  ii.  p.  520. 
Braunaohweig,  18M.  t  /.  c.  p.  537. 
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less,  from  the  eye.  We  may  aaanme  that  form  and  position  of  the 
eve-ball  exercise  as  mncli  icHuence  in  this  respect  as  the  structure 
or  innervation  of  the  muscles. 

Now,  while  in  insufficiency  of  movement  inwards  we  have  a 
guarantee  agiiinst  strabismus  couvergens,  free  motion  in  this  (lirection 
will  increase  the  tendency  to  this  form  of  oblique  vision.  By  many 
the  latter  can,  in  a  high  degree,  be  easily  produced  at  will — ^by 
others,  not  at  all,  or  only  with  great  difficulty  ;  and  when  it  is  stated 
that  such  voluntary  squinting,  often  produced  for  the  sake  of  imi- 
tation, or  of  mockery,  has,  with  some,  given  rise  to  permanent  stra- 
bismus, I  readily  admit  it,  but  on  condition  that  hyjrermetropia  at  the 
same  time  existed.  Moreover,  I  have  not  been  able  to  satit^fy  ray- 
self  that  a  special  tendency  to  strabismus  may  be  hereditary^  Let 
me  be  understood.  In  a  very  high  degree  hypermctropia  is  here- 
ditary. It  is  a  rare  thing,  with  hypermetropic  structure  of  the  eyes  in 
one  of  the  parents,  not  to  find  hypermctropia  also  in  some  of  the  chil- 
dren. But  whether  this  hypernietropia  in  the  parents  was  combined 
until  strabismus  or  notj  has,  if  any,  certainly  only  slight  influence  in 
the  development  of  stnibisinus  in  the  hypermetropic  children  bom  of 
them.  If  in  a  fajjiily  one  or  two  labour  under  strabismusconvcrgens, 
we  may  be  nearly  sufe  that  in  some  other  members  liypeimeti*opia 
wUl  occur;  but  that  in  the  same  family  most  of  the  hypennetropics 
should  be  affected  with  strabismus,  has  very  rarely  occurred  to  me, 

2°.  Reifitioti  between  the  vhutd  line  and  the  a^ris  of  ike  cornea, — 
We  have  above  seen  (p.  18:^)  that  in  general  in  hypermetropic  indivi- 
duals, in  order  to  give  a  parallel  direction  to  the  visuid  lines,  a  more 
than  ordinary  divergence  of  the  vi.sual  axes  is  required.  Thence  we 
have  in  so  many  hypermetropic  persons  apparent  strabismus  di- 
vergens.  On  the  other  hand,  we  know  that  most  eyes  can  with 
difficulty  be  brought  to  a  state  of  divergence;  a  weak  prism, 
with  the  refracting  edge  held  outwards  before  the  eye,  produces 
double  images,  which  most  people  are  not  able,  by  divergence 
of  the  visual  lines,  to  overcome.  Even  for  the  sake  of  single 
vision,  many  do  not  succeed  in  diverging  some  degrees  more.  It 
is  therefore  natural  to  assume,  that  when  for  single  vision  more 
than  ordinary  divergence  of  the  corneal  or  visual  axes  is  required, 
the  divergence  may  very  easily  be  insufficient,  and  thai,  accordingly, 
as  a  matter  of  course,  for  seeing  at  a  shortcT  distance  also,  there 
readily  be  too  great  convergence.     What  was  treated  of  under  1*^ 
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facilitates  convergence  in  an  absolnte  manner.  CompaiatiTeiy,  the 
relation  between  the  visual  line  and  the  axis  of  the  cornea  has,  in 
hypermetropics,  the  same  result.  Now,  if,  in  looking  at  a  distance, 
the  requisite  divergence  of  the  axes  of  the  cornea  easily  falls  short,  the 
convergence  will  likewise,  under  the  influence  of  the  hypermetropia, 
in  looking  at  near  objects,  be  relatively  too  great.  The  condition 
for  the  development  of  strabismus  is  thus  given.  In  fact,  it  often 
seemed  to  me  that  in  squinters,  after  tenotomy,  a  considerable  d^;ree 
of  divei^nce  of  the  axes  of  the  cornea  was  required  to  make  the 
visual  lines  assume  a  parallel  position; — often  the  eyes  are  appa- 
rently quite  properly  directed,  and  yet  when,  on  fixing  a  remote 
point,  one  and  the  other  eye  are  alternately  covered  with  the 
hand,  we  observe  that  the  eye  just  opened  has  each  time  to  make  an 
extensive  movement  outwards,  to  fix  the  remote  point.  Some- 
times this  is  to  so  great  a  degree  the  case,  that  for  binocular 
vision,  at  a  distance,  a  deformity  by  divergence  would  be  re- 
quired. This  leads  me  to  suspect  that  while  in  general  the  great 
angle  a  promotes  the  occurrence  of  strabismus  convergens  with 
H,  an  extraordinary  magnitude  of  this  angle  predisposes  more 
particularly  to  this  form  of  strabismus.  In  order  to  test  this 
suspicion,  the  angle  a  was  measured  in  ted  cases  of  strabismus 
convergens.  The  measurements  were  in  great  part  made  by  Mr. 
Hamer,  now  house-surgeon  in  our  Ophthalmic  Hospital,  according 
to  the  method  already  described,  with  his  usual  accuracy.  The 
results  are  presented  in  the  subjoined  Table  I. 
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Hm.  signifies  Hjpermetropia  manifesta. 

H.  „  „  totalis,  after  mydriasis. 

a.  „       the  angle  between  the  axis  of  tiie  cornea  and  the  visual 

line. 
8.  „       the  sharpness  or  accuraoj  of  vision. 

Str.  C.  Od.        f,       Strabismus  convergens  oouli  dextri. 
Str.  C.  Os.         „  „  „  „     sinistri. 

Str.  C.  Alt       „  „  „  altemans. 

As.  „       Astigmatism. 

In  H.  ,y       in  the  meridian  of  minimum  of  curvature  (usually  the 

horizontal). 
In  Y.  „       in  the  meridian  of  maximum  of  curvature  (usually  the 

vertical). 
?.  „       value  not  determined,  or  not  accurately  determined,  or 

not  to  be  determined. 
In  No.  8,  permanent  strabismus  was  demonstrated,  which,  singpilarly 
enough,  on  artificial  mydriasis  of  the  sharp-sighted  right  eye,  temporarily 
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duappcAred:  the  left  eye  wu  now  proptrlj  direcfed, 

deviating  in  iu  torn. 


tlM  n^ 


Tlib  Tabit:  again  showa  what  has  already  been  seen,  that  the  an^e 
a  for  Ix^th  cvf-s  of  the  same  person  is  in  general  uearij  sbnilar. 
Tlierefore  for  No.  4  Od.  and  Xo.  9  Od.^  which  on  account  of  dimi- 
nished S  did  not  £i,  a  was,  on  calculation  of  the  arerage,  assumed 
^  a  of  the  left  ere.  As  an  average  we  now  obtained  a  -=  7^63. 
This  but  slight !v  exceeds  a  =  7 '.3,  previously  found  as  the  avenge 
in  non-squinting  hvpennetropics ;  but  in  order  to  make  the  influence 
on  the  position  of  the  centre  of  motion  appear  strongly,  particulatly 
high  degrees  of  H  were  designedly  selected,  in  consequence  of  which 
a  also  increases.  In  order  to  have  a  better  ground  of  oompaiisoHf 
the  angle  a  was  therefore  determined  also  in  some  cases  of  H,  in 
degree  about  equal  to  II  of  squinters.  The  results  are  comprised  in 
the  annexed  Table  II. 
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Column  H  ?  gives  the  total  llyperniotropia,  reduced  by  calculation  to  the 
[)oriod  of  youth. 
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Now,  in  the  first  place,  we  find  among  these  non-squinting  hyper- 
metropics a  on  an  average  ^  6°.56,  that  is,  1°.07  less  than  in  squin- 
ters.  In  the  second  place,  it  appears  further,  that  the  degree  of  H 
has  an  influence  upon  a.  Comparison  with  the  average  a  =  l^.S, 
found  in  higher  degrees  of  H,  at  once  indicates  this.  But  still  more 
distinctly  does  it  appear  in  Table  II.,  in  which  the  persons  are 
arranged  according  to  the  magnitude  of  a,  and  the  suspected  degree 
of  the  total  H,  at  14  years  of  age,  was  calculated  under  H  ?  It 
immediately  strikes  the  eye,  that  the  latter  keeps  about  equal  pace 
with  a.  In  estimating  H  ?,  the  ascertained  Hm,  and  sometimes  also 
H,  were  made  use  of,  the  time  of  life  being  borne  in  mind ;  the 
estimate  certainly  deviates  little  from  the  truth.  The  result, 
therefore  is,  that,  with  equal  degrees  of  H,  high  values  of  a 
especially  predispose  to  strabismus  convergens.  To  this  result 
I  attach  the  more  importance,  because  it  in  general  proves,  that  the 
greater  angle  a,  proper  to  H,  is  not  indifierent  in  its  bearing  on  the 
connexion  between  H  and  strabismus  convergens. 

In  the  highest  degrees  of  H,  strabismus  is  rarely  observed.  This 
need  not  surprise  us.  In  such  cases  the  power  of  accommodation 
is,  even  under  abnormally  increased  convergence,  not  sufficient  to 
produce  accurate  images,  and  such  hypermetropics  are  thus  led  rather 
to  the  practice  of  forming  correct  ideas  from  imperfect  retinal  images 
than  of,  by  a  maximum  of  tension,  improving  the  retinal  images  as 
much  as  possible.  We  have  already  seen,  that  strabismus  is  met 
with  chiefly  in  mean  degrees  of  II.  These  belong  to  facultative  and 
relative  hypermetropia :  the  eye  can  adapt  itself  for  parallel  and  even 
for  diverging  rays,  and  can  moreover  maintain  this  accommodation 
for  some  time,  yet  often  only  with  convergence  of  the  visual  lines  to 
a  point,  situated  closer  to  the  eye  than  the  point  whence  the  rays  pro- 
ceed. The  minimum  of  H,  at  which  strabismus  occurs,  depends 
undoubtedly  on  the  angle  a,  and  on  the  range  of  accommodation : 
the  less  the  latter,  and  the  greater  a  is,  the  less  degree  of  H  will  be 
sufficient.  But  diminished  energy  or  paresis  of  accommodation  by 
itself  is  as  little  liable  to  produce  strabismus,  as  is  the  diminution  of 
the  range  of  accommodation  connected  with  the  increase  of  years. 

As  to  external  causes,  we  often  find  mention  made  of  the  fixing  of 
near,  and  particularly  of  laterally  placed  objects,  as  a  feather  of  the  cap, 
the  flame  of  a  candle,  a  toy  or  such  like.  From  what  has  been  said,  it  will 
have  been  seen  that  I  attach  but  little  influence  to  these  things.  At 
least,  I  am  convinced  that  the  emmelropic  eye  will  not  in  this  way 


302  STRABISMUS  CONVEROENS. 

be  led  to  squiut.  But  I  would  not  venture  so  unconditionally  to 
assert,  that,  for  the  hypermetropic  eye,  no  cause  of  strabismus  might 
be  found  therein.  Particularly  the  fixing  of  laterally  placed  objects, 
might  have  influence  in  this  way.  For  under  these  circumstances 
the  fixed  point  can  be  seen  only  by  one  eye,  since  the  field  of  vision 
of  the  other  is  limited  by  the  nose ;  and  if  only  the  one  eye  sees 
the  object,  the  second  eye  wants  the  guide  which  directs  its  move- 
ments, aud  there  is  nothing  to  prevent  too  strong  convergence,  for 
the  sake  of  distinct  vision.  It  seems  to  me  that  there  is  no  ground 
for  denying,  that  in  this  manner  the  internal  muscles  of  the  eye 
might  acquire  a  preponderance,  which  would  promote  the  further 
development  of  strabismus. 

I  have  above  remarked,  that  oblique  vision  differs  in  kind  and 
form,  according  to  its  causes  and  to  the  nature  of  the  affection, 
of  which  it  is  the  result,  and  with  which  it  occurs  in  one  and  the 
same  morbid  type.  This  is  quite  true  of  oblique  vision,  proceeding 
from  hypermetropia.  Bat  as  this  is  the  most  usual,  the  typical 
form  of  strabismus  convergens,  it  is  very  natural  that  what  is  de- 
scribed as  strabismus  in  general,  should  be  applicable  precisely  to 
this  form.  I  may  be  permitted  to  give  a  short  sketch  of  it.  In 
doing  so  I  must  advert  to  some  well-known  matters,  but  I  shall 
thus  best  find  opportunity  to  add  what  is  still  deficient  respecting 
the  nature,  the  symptoms,  and  the  pathogeny  of  the  affection. 

Converging  strabismus,  in  consequence  of  H,  tee  see  to  arise 
mostly  about  the  5  th  year,  probably  because  the  effort  to  see  accu- 
rately then  begins  to  be  developed ;  the  range  of  accommodation  is 
now  also  sufficiently  great,  by  means  of  somewhat  increased  con- 
vergence, easily  to  overcome  the  H.  To  reports  of  its  occurrence 
at,  or  shortly  after  birth,  in  consequence  of  convulsions  or  of  other 
diseases,  no  credit  is  in  geueral  to  be  given.  Exceptionally  it 
commences  after  the  7  th,  extremely  rarely  so  late  as  the  18th  year, 
unless  special  accessory  causes  exist.  At  first  the  deviation  is 
transient,  connected  with  fixing,  that  is  with  an  effort  to  see  ac- 
curately, sometimes  only  with  the  fixing  of  near  objects  :  it  passes  off 
again  when  the  fixing  ceases  or  the  eyes  are  closed.  This  is  the  so- 
called  periodical  squiut,  by  some  described  as  a  distinct  period.  Even 
in  this  period,  and  when  the  strabismus  is  developed  first  in  the  16th 
or  18th  year,  we  very  rarely  hear  a  complaint  of  double  vision.  This 
is  explained,  in  my  opinion,  by  the  fact,  that  the  deviation  arises 
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only  on  the  effort  to  see  a  given  object  accnrately.     On  that  object 
the  attention  is  fastened.   To  it  the  one  visual  line  remains  directed. 
Now  the  double  image  of  it  lies  iti  the  deviating  eye  at  some  distance 
from  the  yellow  spot,  and  must  tlierefore  appear  indistinct,  so  that 
beside  the  direct  fixed  one,  it  is  not  easily  seen  as  a  second  image. 
And  on  the  yellow  spot  appoirs  the  image  of  a  wholly  different  ob- 
ject, with  which  the  observer  is  in  general  not  occupied,  and  from 
which  it  is  therefore  easy  to  abstract.      But  when  the  deviation, 
before  S  is  nmcb  diminished,  occurs  involuutardy,  without  a  special 
effort  to  see  accurately,  there  is  occas^ionally  some  transient  double 
vision.    The  periodical  form  of  squint  on  looking  at  near  olijccts,  jus^t 
described,  sometimes  continues  as  such.     Stoeber'**'  and  Artlt  have 
each  described  a  remarkable  instance  of  this  nature,  the  cause  of  which 
was  unknown  to  them.     In  most  cases,  however,  the  squint  soon  be- 
comes constant.     The  rule  is,  that  invariably  one  and  the  same  eye 
deviates  (strabismus  simplex)  ;  this  held  good  even  when  the  squint 
was  still  transient:    when  it  occurs  under  the  form  of  strabismus 
altemans,  with  H,  other  causes  are  often  in  operation.  The  squint  is 
nsually  concomitant ;  the  movements  are  free ;  the  excursiou  normal 
although  with  excessive  mobility  inwards,  limited  outwards,  in  hoik 
tges^  even  when  the  one  constantly  deviates,  the  other  being  steadily 
properly  directed ;  this  is  found  also  to  be  (he  case  when  the  squint 
is  still  periodical.   Both  the  internal  muscles  of  the  eye  are  therefore 
to  be  considered  as  shortened.   The  shortening,  at  first  dynamical, 
has  in  the  constant  strabismus  become  organic  :  it  is  the  result  of 
exoesdve  action,  with  relaxation  of  the  antagonistic  muscles ;  morbid 
atmctural  change  does  not  exist.     That  both  internal  muscles  are 
shortened,  depends  upon  the  habit  of  keeping  the  fixed  object  to  the 
side  of  the  deviated  eye,  so  that  even  in  the  non-deviated  eye  the 
musculus   rectus  internns  is  bronght   into   relatively   strong  con- 
traction.     In  this  position  the  11  of  the  non-deviated  eye  is  best 
overcome.     Also  when  the  strabismus  has  become  constant,  a  com- 
paratively stronger  tension  of  the  internal  recti  muscles  is  connected 
with  the  fixing  of  an  object,  wheri^by  the  angle  of  squinting  is  in- 
creased — of  course  in  a  less  degree  where  a  great  angle  of  deviation 
already  exists,  because  increased  tension  is  then  attended  with  less 
motion  :  after  tenotomy  tlie  increase  of  the  convergence  often  again 
appears  very  well  marked  in  these  cases  on  fixing  an  object.     This 
increase  of  convergence  on  fixing,  when  a  correct  position  has  been 
•  Ann.  d'OcuL,  1855,  T.  ixxiii.  p.  177.  f  i-  f.  T.  iii.  p.  312, 
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obtained  by  tenotomy,  is  important  in  a  double  point  of  view.  In  the 
first  place,  as  it  relates  to  adults,  who  state  that  they  feel  this  con- 
vergence distinctly,  and  at  the  same  time  perceive  that  they  produce 
it,  as  it  were  involuntarily,  in  order  to  see  more  accurately.  More 
direct  proof  that  II  may  lesid  to  strabismus,  and  how  it  may  do  so,  could 
certainly  not  be  given.  We  liave  here,  in  a  certain  sense,  a  return  to 
the  first  period,  with  this  difference,  that  the  deviation  can  now  be 
observed  by  the  person  himself  in  its  cause  and  in  its  signification, 
while,  just  as  in  the  original  first  stage  the  commencement  was  to  be 
obviated  by  meaiis  of  convex  glasses,  which  should  neutralise  the  H, 
the  relapse  is  now  to  be  prevented  on  the  same  principle. — ^The 
practical  indication,  after  tenotomy  in  such  cases,  to  give  convex 
glasses  during  work,  furnishes  the  second  point,  in  regard  to  which  I 
called  the  phenomenon  important. 

In  strabismus  simplex  the  acuteness  of  vision  suffers  more  and 
more  in  the  deviated  eye.  At  first,  on  bringing  the  hand  before  the 
fixing  eye,  the  deviated  eye  directs  itself  properly  to  the  object; 
even  when  the  hand  is  taken  away,  the  originally  deviated  eye  may 
continue  to  fix,  soon,  however,  usually  when  movement  is  required 
or  even  on  the  first  winking  of  the  lids,  giving  way  to  the  other. 
The  acuteness  of  vision  in  the  deviated  eye  has  then  already  di- 
minished, but  it  continues  still  for  a  considerable  time  satisfactory, 
may  be  recovered  by  practice,  and  improves  almost  always  immedi- 
ately after  tenotomy.  After  some  time,  however,  on  closing  the 
fixing  eye,  the  deviated  eye  usually  directs  its  visual  line  no  longer  to 
the  object;  the  line  passes  to  the  inside,  so  that  the  retinal  image  of 
the  object  comes  to  lie  also  on  the  inside  of  the  retina.  When  this 
takes  place,  we  may  infer,  that  in  the  visual  line  and  besides  in  the 
field  of  vision  common  to  the  two  eyes,  the  acuteness  of  vision  of 
the  deviated  eye  is  much  diminished,  while,  on  the  contrary,  that  of 
the  indirect  \dsion,  on  the  innermost  part  of  the  retina,  in  so  far  as  it 
has  its  own  field  of  \asion  and  perceives  objects,  which  are  not  re- 
presented on  the  retina  of  the  other  eye,  has  continued  undiminished. 
It  is  again  von  Graefe,  who  has  first  accurately  investigated  this  loss 
of  physiological  sensibility  through  psyclucal  exclusion.  And  tliis 
is  indeed  a  remarkable  phenomenon  !  That  through  attention  we  can 
sharpen  our  senses,  is  an  admitted  fjict.  How  rapidly,  on  the  other 
hand,  a  nerve  may  become  blunted,  from  whose  impressions  we  wish 
mentally  to  abstract  ourselves,  the  case  here  described  supplies  an 
example  important  for  physiology  at  large.  Although  no  organic 
changes  of  the  retina  are  to  be  observed,  no  improvement  of  any 
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tinportaiice  is  to  he  obtained,  if  fixing  no  longer  occurs  under  any 
eircumstancesj  dther  by  practice  or  hj  teuotomy. 

But  we  must  not  too  rapidly  decide  this  point.  Tliere  is  a  period 
in  which  the  deviated  eye  will  not  lee  large  objects  otherwise  than 
indirectly,  and  nevertht^Iets,  on  using  a  convex  glass,  it  will  quiekly 
look  directly,  that  is,  use  the  yellow  spot,  to  recognise  coin  para  lively 
small  objects,  for  example  the  letters  of  No.  X  and  No*  XX,  In 
this  period  we  may  by  practice  and  by  tenotomy  sometime*  still  attain 
a  brilhant  success  t 

A  word  still  as  to  the  practical  application  of  what  has  been  said» 
I  have  already  above  stated,  that  so  long  aa  strabismus  occurs  only 
intermittingly  with  fixing'  of  nn  object,  its  development  may  be  pre- 
vented by  wearing  convex  glasses,  which  neutralise  the  existing  H, 
This  I  first  observed  in  a  young  man,  who  in  his  18th  jear  began  for 

the  first  time  to  squint  in  fixing.  He  had  Hm  ^  ^*     After   he  had 

worn  glasses  of  ^  for  two  days,  he  began  to  be  no  longer  able,  for  the 

«ike  of  seeing  accurately,  to  make  one  eye  deviate.  He  then  saw 
also  at  a  distance  indistinctly,  and  it  wag  not  until  half-an-hour  after 
putting  ofl*  the  spectacles  that  he  again  succeeded  in  producing  the 
eqaiot,  and  thereby  distiugiiishing  accurately,  By  continuing  to 
wear  the  spectacles,  the  stpiint  ceased  to  be  produced,  and  the 
tefndency  to  it  was  completely  lost. — If  the  squint  sets  in  very  eariy 
in  life,  wearing  spectacles  i^  of  course  attended  with  difficulties,  and 
particularly  when  the  patients  are  of  the  female  sex,  they  are  un- 
willing to  be  condemned  to  wear  glasses  during  their  whole  life.  In 
such  oases  I  generally  confine  myself  to  advising  them  to  look  twice 
daily  for  some  minutes,  with  the  deviating  eye  alone,*  which  practice 
is  sufficient  to  prevent  the  diminution  of  the  acuteness  and  the 
limitation  of  the  field  of  vision  ;  at  a  later  period,  when  the  strabis- 
mus is  confirmed,  the  operation  of  teuotomy  is  performed.  Where 
ihe  patient  preferred  obviating  the  strabismus  by  wearing  spectacles, 
I  willingly  consented  to  it,  and  almost  invariably  the  object  was  thus 
attained.  Mooren,t  too,  has  recently  stated  that,  where  a  tolerably 
high  degree  of  Hm  existed,  he  has,  in  the  first  stage  of  strabismus,  with 

•  Mydriafiiflt  by  atropm,  of  the  eye  whioh  ii  usually  properly  directed 
immediately  oauttes  the  other  to  be  used,  and  is  therefore  iumetimes  recom- 
mended in  the  case  of  yoaag  sqaiating  ohildrea,  on  whom  it  is  undesirable 
a»  yet  to  operate. 

f  KlinUehe  MonaUbHUter  f*  Au^enheilkunde,  B.  1,  H.  1,  ia6a» 
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good  result  prescribed  the  use  of  convex  glasses.  In  comparatiyelj 
great  degrees  of  H  the  prerention  of  strabismus  is,  in  fact,  more 
particularly  desirable,  because  subsequently,  even  after  full  teno- 
tomy, the  tendency  to  strabismus  continues,  and,  in  order  to  prevent 
a  relapse,  the  use  of  convex  glasses,  at  least  for  close  work,  is  still 
necessary.  Moreover,  I  have  observed,  that  when  hypermetropics 
with  already  confirmed  strabismus,  especiaUy  after  insufficient  tenoto- 
my, regularly  wear  convex  glasses,  the  degree  of  strabismus  often 
diminishes  so  much,  that  the  deformity  is  almost  entirely  removed. 

If  we  now  inquire  whether  the  oauBe  of  strabiBmos  was  ever  before  aougbt 
in  hypertnetropia,  this  question  may  be  answe#ed  in  the  negative.  Indeed, 
this  could  scarcely  be  otherwise.  It  is  only  a  few  years  since  hyperme- 
tropia  was  properly  understood ;  and  the  forms  which  are  wholly  or  in  great 
part  latent,  were  overlooked,  until  I  satisfied  myself  of  their  existence,  and 
immediately  began  to  perceive  their  relation  to  strabismus.  But  to  Uus 
conclusion,  what  had  been  observed  and  recorded  by  my  predecessors,  in  a 
certain  de^^ree  contributed.  Not  to  mention  some  isolated  observations,* 
which  after  the  discovery  of  hypermetropia,  clearly  enough  demonstrate  the 
existence  thereof  in  strabismus,  I  must,  in  the  first  place,  refer  to  Bohm'st 
investigations  upon  squinting,  where  it  is  plainly  stated,  that  squinten 
can  distinguish  a  certain  print  with  the  aid  of  convex  glasses  at  a  greater 
distance  than  vrith  the  unaided  eye.  In  this  observation  of  Bohm  there  is  an 
essential  value.  It  might  have  led  to  the  discovery  of  hypermetropia,  and 
particidarly  of  hypermetropia  with  strabismus,  if  he,  with  a  thorough 
knowledge  of  dioptrics,  had  comprehended  and  properly  explained  the  fact 
he  had  observed.  In  place,  however,  of  thinking  of  a  condition,  in  whioh 
the  retina  lay  in  front  of  the  focus  of  the  eye,  Bohm  has  recourse  to  an 
enigmatical  connexion  of  "physical  presbyopia"  with  "vital  myopia." 
And  in  any  case  he  was  far  from  seeking  therein  the  cause  of  strabismus. 
In  investigating  the  origin  and  causes  of  the  latter,  he  falls  into  the  same 
error  as  all  his  predecessors.  He  tries  to  find  out  the  causes,  not  of  a 
definite  form  of  strabismus,  i.e.  of  a  true  form  of  disease,  but  of  a  symptom : 
strabismus  in  general.  Consequently,  the  causes  of  wholly  different  con- 
ditions were  all  investigated  and  studied  together  in  heterogeneous  connex- 
ion. That  in  this  way  the  pathogeny  of  strabismus  would  not  disclose  its  mys- 
teries, might  indeed  have  been  anticipated.  But  there  is  more  to  be  said 
against  the  reasoning.  Where  Bohm  treats  of  the  "  origin  of  squinting  from  the 
condition  of  the  eye  "  (p.  5),  and  further  speaks  of  **  the  etiology  of  strabismus, 
originating  from  the  eye"  (p.  16),  the  state  of  the  </et*ta^';i^  eye  is  and  remains  for 
him  the  principal  point  He  speaks  here  of  '^  shortsightedness  of  the  one  eye, 
with  normal  behaviouroftheother,"  of  "  Hebetude  of  the  ow^oye,"  of"  weakness 

•  Conf.  de  Haas,  Geschiedkundig  otiderzock  omtrcnt  de  hgpcnnetropie  en 
hare  gevolgen^  1862.    Diss,  inaug.,  p.  61. 
t  Bohm,  Das  Schielen,  Berlin,  1845. 
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of  Tision  of  one  eye^'^  and  always  makes  the  eye  afieoted  with  the  anomaly 
deTiate.  In  this  deviation  he  sees  the  eodeavour  to  eiolude  tlus  eye,  but 
by  no  means  an  effort  to  improve  the  accuracy  of  the  retinal  images  in  the 
non-deviating  eye.  What  we  have  above  assumed  as  one  of  the  oircum- 
atanoes,  under  which  the  eye  more  easily  allows  itself  to  be  withdrawn  from 
the  binocular  vision,  is  for  him  the  all-decisive  cause,  Bohm  was,  therefore, 
as  far  as  any  one  else  from  comprehending  the  origin  of  converging 
Btrabismna. 

Subsequently,  von  Graefe*  was  certainly  on  the  pmnt  of  Feoognistng  the 
OKoae  in  hypermetropia.  He»  however,  did  not  treat  definitely  of  the  patho- 
geny of  strabismus.  He  even  asks  pardoni  when,  in  passing,  some  observa- 
tions on  the  subject  fall  from  his  pen.  But  we  value  these  observations  as 
so  many  useful  hints,  although,  as  it  did  not  ocour  to  him  to  include  hyper- 
metropia as  an  element  therein^  his  efforts  necessarily  rematned  in  great  part 
fruitless. 

Von  Graefe  puts  it  prominently  forward  as  a  well-known  fact,  that  per- 
sistent strabismus  is  very  often,  indeed  generally,  preceded  by  an  **  inter- 
current or  periodical  squint*'  Subsequently  he  remarks,  that  all  cases  of 
tntercurrent  strabismus  do  not  run  into  the  persistently  concomitant  variety* 
So  long  as  this  has  not  taken  place*  these  cases  must,  with  respect  to  the 
question  of  operative  aid,  give  rise  to  special  observations.  Therefore,  von 
Graefe  proceeds  to  speak  of  them.  But  evidently  he  felt  that  the  pheno- 
mena, peculiar  to  these  eases,  had  a  particular  value  for  the  investigation  of 
the  pathogeny  of  the  affection  j  for  from  the  pathogenetic  point  of  view,  he 
tpeeiatly  considers  the  three  categories,  distinguished  by  him  :— 

1,  Patients  who,  with  a  careless  glance,  do  not  accurately  fix  any 
definite  object,  whether  near  or  distant.  Von  Graefe  considers  that 
m  disturbance  of  binocular  vision  might  proceed  from  the  squinting  eye, 
and  that  therefore  this  image  should  be  voluntarily  set  aflide.  That  per- 
manent strabismus  might  be  thus  produced  is  evident.  But  he  does  not 
think  that  everything  is  thua  explained.  *'  When  under  particular  eircum- 
stances  of  the  act  of  vision,  namely,  in  acute  perception  of  the  retinal 
images,"  (thus  we  read,  /.  c.  p.  281 ),  *'  a  deviation  takes  place,  but  not  other- 
wise, an  active  couaecting  liuk  must  each  time  be  sought  between  the  act 
of  vision  and  the  muscles  of  the  eye/'  Further :  "  if  it  [the  link]  is  not  the  dl^ 
turban ce  of  the  stereoscopic  retinal  images,  the  conditions  of  the  sccom- 
modatiun  next  present  themsetves,'^  lu  reference  to  the  lirst  quotation, 
von  Graefe,  however,  remarks,  that  at  every  distance,  even  behind  the  covering 
hand,  on  fixing  an  object  the  one  eye  deviates,  and  while,  with  respect 
to  the  latter  quotattou,  he  did  not  under  stand  that  hypermetropia  might  he 
the  cause  of  it,  he  could  give  no  other  than  this  somewhat  obscure  explana- 
tion :  **  Every  action  of  the  organ  tending  to  the  elaboration  of  visual  per- 
oeption,  reflects  the  stimulus  to  the  irregular  contraction  upon  the  affected 
muscle/' 

2.  Cases  in  which  the  Tisual  axes  are  directed  with  precision  to  a  definite 
distaooe  (eight  inches,  one  foot,  four  feet),  but  where,  at  a  greater  distance, 

•  Archiv/,  OphihalmologU,  B.  L,  Abth.  i.,  p-  17. 
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STRABISMUS  CONVKRGENS. 
These  art  almoftt  inrijiably  ooiuieoUd  witli 


m  d«TiAtioQ   ariiea. 
•ighttdneM. 

a.  Gum  of  whioh  be  iavs :  ''  The  p&thologioal  oonmgtaoa  ooottfs  ool; 
wtth  Moommodation  for  near  objects/'  The  pheoomeium  a{ipem  e^uaUj 
on  eofering  the  tqtiinling^  eje»  and  mast,  ooDsequentlT,  say*  voii  Qraefe, 
depend  on  the  oondition  of  aiaoommc^ation,  *^  probably  on  inereaae  of  tbt 
muicalar  reaiitanoe  with  the  augmenting  refraetLon  of  the  eye."  **  Tlie  in- 
crease of  the  muaoular  tension/^  he  cootinaefl,  **  arousea  in  the  afieoted  muacle 
the  slumbering^  impulie  to  the  irregalar  contraction,"  He  refera  farther  to 
the  lingiilar  caaea,  in  which^  in  lookiiij^  at  both  near  and  die^tant  objeoti,  atrt- 
biimua  (Mwverf^enB  arises,  but  where,  at  a  medium  distancef  the  Tision  ia 
binoonlar.  He  explains  thii  partly  from  myopia,  but  he  adds  that  often 
hjrperpresbyopioa  and  prefebjopies  are  met  with  in  this  git)ap  ;  some  timet 
myopia  appeared  to  exist  in  diiiance,  etc..  etc,  Hoi  at  laati  formuliaes  hit 
views  in  the  following  manner :  "  For  all  distances  of  the  Tisnal  object 
there  exiata,  according  to  the  natural  inclination  to  tension,  a  slight  degree 
of  pathological  convergence.  If  a  higher  refractive  condition  b«  taken, 
whether  through  approximation  of  the  visual  objeot,  or  by  holding  a  oan« 
cave  gloss  before  the  eye,  the  morbidly  increased  contraction  arises;  in  a 
medium  or  low  state  of  acoommodation,  and  with  proportionally  lar^^ 
retinal  images,  the  prevailing  muscnlar  tendency  is»  in  the  interest  of 
single  vision,  counteracted  j  for  a  greater  distance,  with  diminishin*:^  ma^ 
nitude  of  the  retinal  images,  this  can  no  longer  take  place,  double  images 
ariiks  which  are  again  removed  from  one  another  by  a  morbid  muscular 
con  trite  tifjn." 

Fioally,  Alfred  Graefe*  propotea  to  himself  the  question,  in  a  oiae  of 
intermittent  strabismus,  not  quite  oorreotly  called  spasmodic,  whether  it  Is 
the  "conditions  of  aocommodation,'*  which  ''cause  the  deviation  of  the 
right  eye?"  And  when  he  answers:  "Certainly  not,  for  it  has  been  ex- 
pressly shown  in  the  oommenoenent  of  this  ohaptcr,  that  the  deviation 
always  occurs  so  soon  as  an  object  is  fixed,  and  that  it  is  therefore  oom> 
pletely  independent  of  the  actual  state  of  the  accommodation/'  it  clearly 
appears,  that  he  did  not  think  of  hypermetropia,  which  required  a  tension 
of  aocommodation  even  for  distant  objeota. 

*]?>om  qH  this  it  will  be  seen,  that  in  literature  hints  were  not  altogether 
wanting,  which  might  lead  us,  after  the  reoegnition  of  the  slighter  degreea 
of  H,  to  bring  strabismus  into  oonnexion  with  the  same« 


Of  H»  as  the  cause  of  strabismus  eonvergeus,  I  have  only  cursorily  treated,1 
hut  I  have  long  since,  on  different  occasions,  described  the  results  I  have 
obtained.  The  subject  I  had  not  lost  sight  of.  But  I  wished  to  take  it  I 
somewhat  more  fully,  and  to  inquire  in  general,  with  what  anomalies  of  1 
aja  the  different  forms  of  ttrabismoa  arc  connected.     It  occurred  to  me,  ihii~ 


*  Alfred  Qraefe,  Klmi$che  Juml^u  dor  MuUiHiiUtorunff^n  deM  An 
Berlin,  185^,  p.  214. 

t  AmUr&pi0,  1800,  p,  45,  and  Archivf.  Ophthalnwh^,  B.  VI.  Abth» 
p.  92. 
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Isiieh  an  inTeetii^ation  might  tend  to  cleai  up  tlie  pathogetiY  of  strabismuB. 
iThe  mvestigatioD  K^quired  tbe  stAtislical  method.  In  a  great  niimher  of 
|«quiuters,  therefore,  everything  was  determined  for  both  eyes,  which  ap- 
ipeared  possibly  to  be  the  eaiise  or  the  rcaiiU  of  this  aitomoJy,  or  to  be  capa- 
i1>teof  in  any  way  explaining  its  origin  :  sex,  age^  and  ordinary  oiJoupation 
were  noted  ;  of  each  eye  in  particular  were  determined  tbe  refractive  condi- 
tion, the  range  of  aooommodation,  tbe  acnteness  of  vision  ^  the  en  tent  of  the 
tmorementSi  these  last  in  oonnexion  with  the  variaMe  or  nnvariable 
angle  of  equinting  ;  to  theae  points  were  added  the  time  atid  mode  of  origin, 
the  hereditary  causes ;  finally^  oomplicfttions  of  variona  kinds  and  peculiar 

tdiatnrbanoea  in  vision  (limitation  of  the  field  of  vision,  double  vision,  etc.)* 
In  this  inquiry^  several  of  my  pupils,  nnd  in  parlieular  Dr.  naifmans,  ably 
and  sealoualy  assisted  me*  The  registers  relating  to  this  subject  embrace 
280  oaset*  It  is  true  that  in  very  many  instances  not  all  tbe  determina- 
tioni  just  mentioned  were  made,  and  the  accuracy  of  other  eases  leaves 
fiomeihing  to  be  desired  :  he  who  Itnows  by  experience,  how  much  time  and 
trouble  are  necessary,  especially  in  children,  or  in  unintelligent  persons^ 

Isatisfautorily  to  investigate  both  eyes  with  respect  to  their  function,  will 
very  easily  understand  this*  But  this  will  not  prevent  many  a  question 
reipeeting  strabismus  from  finding  its  answer  in  the  facts  collected.  Here 
I  have  been  obliged  to  confine  myself  chiefly  to  tbe  pathogeny,  and  indeed, 
in  p&riioalar  to  that  of  strabismus  con vergens.  In  the  following  chapter, 
treating  of  myopia,  I  shall  have  to  speak  of  strabismus  divergens. 

After  my  preliminary  communication,  tbe  fact  that  II  oitvn  exists  in 
atrabistnns  oonvergens,  was  oonfirtncd  hi  diflt^ront  quarters.  Spcial  com- 
munications on  this  subject  we  have  received  from  Pagenstt^cher  and 
Saemiaoh  (A7mi#cA<»  BvohacktHmftn  aun  dtr  AufjvnftiitattHiaU  zu  ft^ies- 
bitd^n,  I  lie  Heft,  1861,  and  2*  Heft,  1862),  and  from  Mooren  (Klirnsche 
MonaUhliiUer  f,  Aufjenheilhundc^  herausgegebcu  von  Dr.  W.  Zehender. 
Jahrg.  1863,  pp.  37  et  seq.)^  who,  however,  confined  themselves  to  tbe  deter- 
mination of  the  tnani/etfi  hypermetropia,  and  therefore  found  the  propor- 
tion of  H  in  stmbismuA  oonvergens  lees  than  I  did* 


§  25*    Af  UAKIA^ 

Tlie  absence  of  tire  lens  in  Hie  dioptric  system  of  the  eye  is  iu 
many  respects  an  important  coriditioiu  It  must,  therefore,  be  con- 
sidered strange,  tiat  writers  had  neglected  to  give  it  a  name,  I 
have  proposed  to  desijjrnate  it  by  the  terra  aphakia,  and  this  word 
is  beginning  gradmilly  to  find  acceptance* 

Aphakia  may  be  prodaced  by  ditferent  causes*  It  occurs  most 
fre»]ueutly  as  the  result  of  operation  for  cataract  or  of  a  wotmd, 
which  haa  given  rise  to  gradual  solution  of  the  lens*     Wlieu  the 
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lens  has  by  luxation  or  depression  of  cataract  disappeared  from  the 
plane  of  the  pupil,  though  it  may  still  be  present  in  the  eye,  it  no 
longer  belongs  to  the  dioptric  system,  and  we  are  therefore  most  folly 
justified,  in  speaking  of  anomalies  of  refraction,  in  calling  the  condi- 
tion, in  this  case  also,  by  the  name  aphakia.  Luxation  of  the  lens 
is  usually  the  result  of  a  wound.  Very  remarkable  cases  of  sponta- 
neous luxation  of  the  lens  are  communicated  by  Bowman.''^  In  the 
writings  of  von  Graefe  I  have  seen  it  mentioned  that  he  has  ob- 
served congenital  aphakia  in  many  members  of  the  same  family. 
Such  cases  have  not  occurred  to  me.  Partial  luxation  of  the  lens, 
causing  the  equator  of  the  lens  to  correspond  to  the  plane  of  the 
pupil,  is,  on  the  contrary,  very  frequently  met  with,  and  is  not  mi« 
commonly  found  in  several  children  of  the  same  parents.  This  state 
cannot,  however,  be  considered  as  aphakia;  it  belongs  rather  to 
irregular  astigmatism. 

In  the  condition  of  aphakia  the  eye  is,  complicated  as  it  is  in  its  nor- 
mal state,  the  simplest  imaginable  dioptric  system.  In  consequence 
of  the  sliglit  thickness,  in  fact,  and  the  nearly  equally  curved  sur- 
,  faces  of  the  cornea,  we  may  safely  neglect  the  slight  difference  in  the 
coefficient  of  refraction  between  the  cornea  and  the  aqueous  humour, 
and  therefore  suppose  that  the  aqueous  humour  extends  to  the  ante- 
rior surface  of  the  cornea;  and  as,  moreover,  the  coefficients  of 
refraction  of  the  vitreous  and  aqueous  humours  are  equal,  we  have 
in  the  aphakial  eye  only  one  refracting  surface  to  take  into  account, 
namely,  the  anterior  surface  of  the  cornea.  Hence  it  follows  that, 
in  order  to  find  the  cardinal  points,  we  need  know  only  the  radius  of 
the  cornea  and  the  coefficient  of  refraction  of  the  aqueous  humour. 
Now  as  the  coefficient  we  have,  with  Helmholtz,  assumed  1*3365 ;  as 
the  radius  of  curvature,  in  the  apex  of  the  comea,t  we  may,  accord- 
ing to  our  measurements,  take  as  the  average  7*7  mm.  We  thus 
obtain  the  subjoined  system  {Fig.  122.     Compare  pp.  40  and  44). 

F  =  ii  </,'  (  =  7-7  :  (1-3365  —  1 )  =  22-88. 

r  =  ii  0"  (  =  7-7  X  1-3365  :  (1*3365  —  1)  =  30-58. 

>i>t'  =  r  — F=7-7. 
Hence  it  appears,  that  the  visual  axis,  with  normal  curvature  of 

•  Lectures  on  the  parts  concerned  in  the  operations  on  the  eye.  London, 
1849,  pp.  131  ct  seq, 

t  The  cornea  is  not  spherical,  hut  somewhat  ellipsoidal,  and,  in  fact,  with 
such  eccentricity,  that  the  spherical  aberration  is  partially  removed.  In 
the  calculation  the  radius  in  the  apex  must  form  the  basis. 
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the  cornea^  should  have  a  length  h  V  =  30*58  mm.,  in  order,  in  the 

Fig.  122. 

^ 


absence  of  the  lens,  to  bring  paraUd  rays  to  a  focus  on  the  retina. 
Now,  since  this  axis  is,  almost  without  exception,  much  shorter,  the 
aphakial  eye  must  in  general  be  in  a  high  degree  hypermetropic.  In 
order  to  find  the  degree  of  this  H,  with  a  given  length  of  the  visual 
axis,  we  need  only  calculate  to  what  point  behind  the  cornea  the 
incidental  rays  must  converge,  in  order,  after  refraction  by  the  cornea, 
to  unite  on  the  retina*  This  is  done  according  to  the  formula  (see 
p.  44) 

in  which  f  is  the  length  of  the  visual  axis,  and  /'  the  point 
sought  behind  the  cornea.     We  find 


xnni. 

f 
mm. 



Par.  inches. 

H 

30-58 

00 

GO 

00 

29 

420 

15-5 

1 

16-5 

28 

248-3 

9-2 

1 
9^ 

27 

172-6 

6-3 

1 
6-3 

26 

129-8 

4-75 

1 
4-75 

25 

102-5 

3-75 

1 
3-75 

24 

83-4 

31 

1 
3l 

23 

69-4 

2-6 

1 
2-6 

22 

58-6 

22 

1 
2-2 

Hence  it  directly  follows,  what  glasses  the  aphakial  eye  requires. 
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with  different  lengths  of  the  visual  axis,  f(»  acate  vision  at  a  distance. 
We  need,  indeed,  to  the  ascertained  distance  f^  to  add  only 
the  distance  m  between  the  glass  and  the  eye  (compare  p.  144),  in 
order  to  find  the  focal  distance  of  the  glass  required.  If  we  establish 
X  =  0-5",  we  therefore  need,  with/'  =  29  mm.,  glasses  (15-5  +  0*5 

=  16)  of  ~;  with/  =  24  mm.  (31  +  0-5  =  8-6)  of  ^,  etc. 

On  the  other  hand,  we  can  further  calculate  the  length  of  the 
visual  axis,  when  the  focal  distance  of  the  required  glass  is  known. 
If  or  be  assumed  s  0''5,  glasses  of 

1  :  2*5  correspond  to  a  length  of  the  visual  axis/"  s=  21*5  mm. 
1  5  8  „  „  ji  >,  /  *^  ^^*8   „ 

1  :  3-5  „  „  „  „  /' « 23-9  „ 

1:4  „  „  „  o  /  =  24-6  „ 

1:6  „  „  „  „  /':=25-7    „ 

1:6  „  „  „  „  /'  =  26-6   „ 

1  :  10  „  „  „  „  /  =  281   „ 

1:qo  „  „  „  „  /'  =  30-58  „ 

Experience  has  shown>  that  in  the  majority  of  cases  glasses  are 
required  of  from  1 :  8  to  1 :  8*5,  placed  at  6^*  from  the  eye.  This 
corresponds  to  a  length  of  the  visual  axis  of  from  22*9  to  23*9. 
This  length  coincides  nearly  with  that  of  the  emmetropic  eye.  But 
if  the  eye  was  myopic  before  the  development  of  cataract,  weaker 
glasses  are,  after  the  operation,  sufficient.  A  case  even  occurred  to 
me,  in  which  the  accuracy  of  vision  of  distant  objects  was  incapable 
of  improvement  by  either  positive  or  negative  glasses.  In  this  in- 
stance the  visual  axis  of  the  eye,  emmetropic  with  aphakia,  had 
actually  a  length  of  rather  more  than  30  mm.,  and  we  may  as- 
sume that  so  long  as  the  crystalline  lens  was  still  present,  myopia 

of  about  X-  had  existed.     In  a  second  case,  in  a  woman,  aged  36, 
o 

glasses  of  1 :  133  were  sufBcient;  in  a  man,  aged  73,  glasses  of -g. 

o 

In  this  instance  there  must  have  existed,  before  the  occurrence  of  the 

cataract,  a  myopia  of  rather  more  than  ^,  which  had  now  given 

way  to  H  =  1 :  7*5.  The  patient  now  declares  that  he  can  see 
without  spectacles  better  at  a  distance  than  he  could  in  his  youth 
before  the  occurrence  of  the  cataract ;  as  the  pupil  is  now  smaller 
than  it  formerly  was,  this  is  not  surprising.  In  the  two  other 
cases  mentioned^  the  difference  must  have  been  still  greater.     The 
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woman^  ag^d  S6,  hnd  onlj  one  eye  (the  other  iras  atrophic) ;  and 
in  thut  operated  on  by  me  there  had  remained  from  youth, 
mfter  perforation  of  the  comea,  a  lateral  leuc-oma  with  synechia 
anterior.  Notwithstanding,  she  declared  that  with  this  one  eye  she 
now  &aw  better  for  ordinary  purposes  than  had  ever  before  been 
possible  for  her  with  both  eyes.    But  for  near  work  she  now  required 

spectacle?  of  -,  which  formerly  she  had  been  able  to  do  without,— It 

is  a  very  common  case,  that  for  seeing  at  a  distAnce  in  aphakia^  glasses 

of  -  or  -  are  sufficient,  which,  when  the  form  of  the  cornea  is 
t>        5 

normal,  proves  that  the  visnal  axis  is  longer  than  nsual  Now,  in 
all  these  cases  myopia  has  previously  existed,  and  the  connexion 
between  M  and  length  of  the  visual  axis  is  thus  in  aphakia  most 
clearly  brought  to  Ught  (compare  p,  88),  Esjiecially  hi  cases  of 
congenital  cataract  have  I  been  able  to  safii^fy  myself  of  this.  It 
has  appeared  to  me  that  this  coiuiition  is  usually  connected  with  a 
myopic  structure  of  the  eye.  We  know  that  under  these  circum- 
stances not  the  entire  crystalline  lens  is  obscured,  or  rather,  that 
ordinarily  only  some  laiuinm  are  obscured,  wldle  the  nucleus,  and 
especially  the  peripheric  layers,  are  transparent.  Now,  if  the  trans- 
parency of  these  last  is  tolerably  perfect,  vision  often  becomes  pretty 
good  on  artifiriiil  mydriiisis.  It  is  then  only  raii4y  (hat  positive  glasses 
are  required  for  reading,  etc,  notwithstanding  that  the  power  of 
accommodation  is  removed.  The  degree  of  the  myopia  is  now  also 
still  easily  determined.  In  connexion  with  this  M  we  shall  find,  that 
when  the  operation  has  become  necessary,  and  the  lens  is  removed, 

glasses  of  from  -  to  ^    are  in  these  cases  usually  sufficient  for 
lb 

seeing  at  a  ilistance.     Sometimes  I  have  had  the  opportunity  of 

determining,  in  the  same  eye,  the  riegrce  of  M  before,  and  that  of  H 

after,  the  operation.    In  the  three  cases  which  were  most  accurately 

investigated  I  found : 
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lU(Ull4  0f 

DOeiaftted  ksftb 

JtaMre  tt«  OycemUoB. 

Alter  the  Opcrmtlim. 

UioUhtwiu    ,      Vl.tl*lAxti, 

M  =  l:6 

M  =  l  :8'5 
M  =  l:24 

n^  1:512 
H  =  l:4  5 
H=l:3'2 

7-6 

792 

804 

25*96 
2G-36 
2502 
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It  so  happens  that  the  radius  of  curvature  of  the  cornea  is  in  the 
first  case  somewhat  less,  in  the  last  two  somewhat  greater  than  usual 
Therefore  the  visual  axis  proves,  in  comparison  to  the  d^ree  of  M, 
in  the  last  two  cases  particularly  long :  with  M  =  1 :  8'5  it  is  evoi 
somewhat  longer  still  than  with  1:6-  It  would  therefore  be  incor- 
rect to  assume,  that  with  M  =  ^  the  visual  axis  is  usually  25  mm. 

long.  That  from  the  above  observations  the  focal  distance  of  the 
original  crystalline  lens,  in  a  given  position,  may  be  calculated,  the 
reader  will,  no  doubt,  have  already  understood.  I  hope  to  do  this 
hereafter  for  a  greater  number  of  cases. 

Original  H,  too,  makes  its  influence  felt  where  aphakia  has  super- 
vened. In  one  case  even  ctf  congenital  cataract,  H  was  found  after 
operation  in  the  right  eye  =  1  :  2*44,  in  the  left  1  :  2'43.  These 
eyes  were  evidently  rather  small  (approaching  to  microphthalmos), 
without  particularly  marked  curvature  of  the  cornea,  and  the  hyper- 
metropic structure  was  in  them  not  to  be  mistaken.  Moreover  it  is 
in  general  rare  in  aphakia  to  find  H  >  1 :  2*5.  Where  I  met  with 
H  =  1  :  2'4  or  1  =  2*3,  I  could  during  life,  the  eye  being  strongly 
turned  inwards,  very  well  satisfy  myself  that  the  visual  axis  was 
shorter  than  normal,  and  calculation,  after  measuring  the  radius  of 
curvature  of  the  cornea,  gave  the  same  result. 

The  existence  of  aphakia  is,  at  the  first  glance,  not  very 
easily  recognised.  Often  the  anterior  chamber  of  the  eye  is 
deep,  and  we  find  a  certain  degree  of  iridodenosis ;  but  none 
of  these  phenomena  are  characteristic.  The  search  for  the  re- 
flected images  of  Purkinje  is  decisive  (compare  p.  11):  the  two 
reflected  images  of  the  lens  are  absent.  Moreover,  the  sectors 
and  the  direction  of  the  fiBres  of  the  crystalline  lens  are  easily 
seen  on  lateral  illumination  with  light  concentrated  by  a  lens,  particu- 
larly with  the  aid  of  a  magnifying  glass,  as  Helmholtz  first  remarked : 
where  these  are  wanting,  we  may  infer  the  existence  of  aphakia. 
Finally,  the  degree  of  H,  whether  established  by  experiments  with 
convex  gksses,  or  by  ophthalmoscopy,  in  connexion  iiith  the  form 
of  the  eye,  cannot  deceive  us.  When  after  a  blow  or  knock  upon 
the  eye  the  power  of  vision  has  suddenly  diminished,  without  very 
manifest  disturbances  in  the  organ,  we  should  specially  bear  in  mind 
the  possibility  of  the  lens  having  disappeared  from  the  plane  of  the 
pupil,  in  consequence  of  luxation,  and  we  should  satisfy  ourselves 
upon  this  point  in  the  manner  above  described. 
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^^Ql^  acuteness  of  vision  h  m  aphakia  usually  imperfect.  The 
SSitlsc  of  this  is  almost  always  to  b^  sought  in  turbitiitj  of  the  sur- 
face of  the  pupil.  Even  after  the  most  successful  operations  for 
cataract,  where  ou  inspection  tlie  pajiil  appears  completelj  blackj  we 
shall,  on  examination  with  the  ophtlialmoscope,  and  especially  wiih 
concentrated  incident  light,  usually  find  some  turbidity,  dependiDg 
chiefly  on  a  slight  deposit  on  the  inner  surface  of  the  capsule  of  the 
lens.  In  consequence  of  this  a  porlion  of  the  light  becomes  difFtised, 
and  diminishes  the  sharpnet^s  of  the  retinal  images.  Sliglit  as  this 
turbidity  may  be,  it  has  great  intloence,  as  appears  from  ihe  fact 
that  when  even  only  a  small  part  of  the  plane  of  the  j>upil  is  per- 
fectly clear,  vision  immediately  becomes  comparatively  Viirj  good. 
The  clearest  pupils  I  have  obtained  in  some  cases  of  operation  for 
cataract  by  solution,  where  moreover,  on  account  of  the  larger 
retinal  images  produced  by  the  use  of  convex  glasses,  S  was  >  1, 

i 

may   be   content,   when  8  ^    ~-  or  even  only 

o 


In   other  cases  we 


-,  which  is  sufficient  for  all  practical  purposes.  A  change  in  the  cur- 
se 

vature  of  the  cornea,  which  gives  rise  to  tolerable  regular  astigmatism, 
is,  after  extraction,  also  not  unfrequently  the  cause  of  diminished  S. 
This  may,  as  will  hereafter  appear,  be  in  great  part  corrected  by  a 
certain  inclination  of  the  glasses. 

That,  on  account  of  the  high  degree  of  H,  without  convex  glasses 
the  power  of  \i:?ion  in  aphakia  liavrs  much  to  be  tlci^ired,  needs  no 
proof.  Vision  will  be  the  more  imperfect,  the  larger  the  pupd  is,  to 
which,  for  equiil  degrees  of  H,  the  magnitude  of  the  circles  of  diffu- 
sion is  proportionate.  But  even  with  the  use  of  glas^^^es  a  large 
pupil  has  considerable  disadvantages.  The  power  of  accommodation 
is,  ID  fact,  as  I  shall  more  fully  show,  in  aphakia  completely  removed, 
and  a  glass,  therefore,  gives  a  distinct  image  only  for  a  definite  dis- 
tance. All  points,  which  are  either  more  or  less  remote  from  the  eye, 
are  now  of  course  seen  with  circles  of  ditltision  which  arc  larger,  the 
hirger  the  pupil  is.  With  a  narrow  pupil  the  sraallness  of  the 
circles  of  diffusion  even  of  objects,  for  whose  distance  the  eye  is  not 
accommodated,  might  lead  one  to  suppose,  as  has  often  happened, 
that  the  power  of  accommodation  in  aphakia  is  not  removeil.  It 
ia  ou  account  of  the  great  advantages  for  vision  of  a  small  pupit 
ill  aphakia,  that  we  cannot  consider  the  performance  of  iridectomy, 
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especially  inferiorly,  in  the  operation  for  cataract^  as  an  indifferent 
matter.  We  know  that  Mooren,  Pagenstecher,  Jacobson  and  others, 
each  in  his  own  way,  have  given  their  advice  in  favour  of  it.  That 
iridectomy,  not  only  when  the  object  is  by  numerous  punctures  to 
cause  a  soft  lens  to  be  absorbed,  but  also  in  extraction,  much  dimi- 
nishes the  dangers  of  the  OfKration,  is  fully  established.  For  many 
years  I  have  observed  this.  For  this  reason  I  have,  when  there  is 
a  tendency  to  prolapse,  or  when  a  portion  of  the  iris  has  suffered 
much,  advised  the  performance  of  iridectomy.*  Moreover,  following 
the  example  of  von  Graefe,  I  in  general  make  iridectomy  precede 
operation  by  puncture*.  But  this  iridectomy  is  performed  superiorly. 
In  this  case  the  part  which  has  suffered  excision  is  almost  completely 
covered  by  the  upper  eyelid,  and  the  circles  of  diffusion  therefore  do 
not  become  greater.  It  is  quite  a  different  matter  when  the  iri- 
dectomy is  performed  inferiorly.  Hence  I  cannot,  even  where  there 
is  less  danger  of  losing  the  eye,  so  unconditionally  adopt  the  method 
of  Jacobson,  who  performs  every  extraction  by  flap-section  inferiorly, 
and  at  the  same  time  cuts  out  a  great  piece  of  the  iris.  If  this  method 
with  the  flap  above  gives  an  equally  satisfactory  result,  I  should  be 
rather  inclined  to  follow  it. 

With  resi^cct  to  vision  in  aphakia,  I  have  further  to  mention, 
that  the  polyojna,  dependent  on  the  cnstalline  lens,  the  rays  pro- 
ceeding from  points  of  light,  and  the  streaks  of  light  on  entoptic 
investigation  are  wanting  (compare  p.  200).  On  the  contrary, 
regular  astigmatism  of  the  cornea,  as  shall  be  more  fully  ^own  in 
the  chapter  upon  this  anomaly,  makes  its  appearance  most  dis- 
tinctly. 

In  order  to  prescribe  the  most  suitable  glasses  in  aphakia,  we  begin 
by  determining  what  glasses  are  recjuircd  for  distance :  the  best  ob- 
ject for  this  purpose  is  a  point  of  light.  We  now  easily  calculate 
from  the  result  obtained,  what  focal  distance  is  necessary  for  near 
objects. 

In  order,  for  example,  distinctly  to  sec  a  point,  situated  at  the 
distance  y  from  the  lens,  the  rays  proceeding  from  it  must,  after 
having  passed  through  the  lens  with  focal  distance  P,  converge  to 
the  same  point  as  the  rays  proceeding  from  <x,  after  having  been 

•  See  Ametrojne  en  hare  gevolgen,     Utrecht,  18.59,  p.  85. 
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K&acted  by  the  lens  with  focal  distance  7,.    Consequently, 

With  y  the  distance  from  the  point  of  distinct  vision  to  the  glass 
lens  is  found.  Let  x  be  the  distance  between  this  lens  and  the  ante- 
rior surface  of  the  cornea^  then  in  using  the  lens  with  the  focal 
distance  Fj,  the  distance  from  the  point  of  distinct  vision  to  the 
cornea/ =^  +  x. 

A  few  examples  may  illustrate  this. 

Let  the  eye,  in  order  to  see  distinctly  at  a  great  distance,  need  a 
glass  of  1 :  8'5  at  Y  from  the  eye ;  how  far  from  the  eye  will  the 

point  of  distinct  vision  lie,  if  this  lens  be  replaced  by  a  lens  of  ^  ? 

This  calculation  is :  1       1       1_ 

y  =  8-      8J 

8x8^ 

y  =  21 
/'=21i' 
And  if  the  second  lens  has  only  2^'  focal  distance, 

_2ix3J 

/  =  H  . . 

With  the  lens  of  8'  focal  distance  vision  will  therefore  be  acute  at 
214",  with  that  of  2f'  at  9i".  With  a  lens  of  2"  this  distance  lies 
only  at  51'. 

If  we  wish  to  know  the  focal  distance  F,  required  in  order  to  see 
acutely  at  a  given  distance  y,  this  is  found  from  the  formula : 

i  =  i  +  ^- 

F,  -  F.  +  y 

But  the  question  is  then,  whether  we  shall  have  at  our  command 
a  lens  of  the  calculated  focal  distance.  The  object  may,  however,  in 
case  of  any  difficulty  upon  that  point,  be  attained,  as  shall  hereafter 
appear,  by  modifying  the  distance  of  the  lens  from  the  eye. 

With  respect  to  the  choice  of  glasses  in  aphakia,  we  should  not 
forget,  that,  especially  in  old  people,  completely  as  the  operation 
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may  have  succeeded^  the  power  of  vision  is  seldom  perfectly  acute, 
and  that,  consequently,  in  order  to  read  a  smaller  land  of  type,  the 
point  of  distinct  vision  must  be  brought  rather  near  the  eye.  Not 
unfrequently  this  distance  may  amount  to  not  more  than  6'.  In 
young  subjects,  in  possession  of  acute  power  of  vision,  it  may  be 
considerably  greater,  the  more  so  because  in  aphakia  the  retinal 
images  far  exceed  in  magnitude  those  of  the  same  eye,  before  it  was 
deprived  of  its  lens.  The  dioptric  system  is  altered :  instead  of  a 
lens  in  the  eye,  a  lens  is  now  placed  in  front  qftiie  eye,  and  conse- 
quently the  united  nodal  point  is  moved  forwards.  If  the  lens  be 
farther  removed  from  the  eye,  the  nodal  point  will  come  to  lie  even 
before  the  cornea.  Hence  it  appears  that  the  retinal  images  must 
be  larger,  and  that  they  increase  still  more  in  magnitude  with  the 
removal  of  the  glass  from  the  eye. 

This  increase  of  magnitude,  which,  in  using  a  weak  glass  held  at 
a  great  distance,  becomes  very  considerable,  is  found  by  comparing 
the  magnitude  of  the  retinal  image  Pi  of  the  original  eye  with  fi^  the 
retinal  image  of  tlie  aphakial  eye,  combined  with  a  convex  lens. 
The  subjoined  table  gives  a*  view  of  the  increase  of  magnitude,  which 
we  obtained  on  calculation.* 


Focal  DU- 

Uuice  of  the 

Lons 

employed. 

Distance  of 
this  I^ns 
from  the 
Oomea. 

/3,:l=/3,: 

3 

0-5 

1-322 

4 

1-5 

1-763 

5 

2-5 

2-203 

6 

3-5 

2-644 

8 

5-5 

3-525 

10 

7-5 

4-406 

16 

13-5 

7050 

*  We  should  bear  in  mind,  that  for  remote  objects 

/3,  G'  and  F^  having  reference  to  the  originally  emmetropic  eye,  /3„  G/ 
and  JP,  to  the  aphakial  eye,  in  connexion  with  a  convex  lens. 

In  calculating  the  increase  of  magnitude,  under  the  use  of  different  con- 
vex lenses,  we  assumed : 

F/  =  0-5734, 
in  an  eye,  with  a  radius  of  the  cornea  of  7-7  mm.  and  a  length  of  the 
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Hcnc€  we  see,  that,  when  in  aphakiaj  with  H  =  ^  a  lens  of     , 

held  at  IS'S**  from  the  eye,  the  patient  sees  objects  rather  more 

seven  times  larger  than  he  did  with  the  original  eye,  furnished 

ith  a  crystaEine  lens.     This  vision  is  aliont  the  same  as  that  of  the 

Fcmmetropie  eye  using  glasses  of     -   would  be,  on  looking  throngh 

of    -^  at  IS^'S  distance.     The  combination  is,  therefore, 

equal  to  that  of  a  Datch  or  Galilean  tele.scope.  In  aphakia  we 
find  it  undex  the  simple  form  of  a  lens  of  from  10"  to  !iO"  focid  dis- 
tance, wliile  the  hypermetropic  eye  plays  the  part  of  an  eye-piece. 
Other  strongly  hypermetropic  eyes,  without  aphakia,  can  likewise 
make  nse  of  the  same* 


^ 

mzi 
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In  the  above  theory  and  calculation,  we  have  assumed  that  in 
aphakia  the  power  of  accommodation  docs  not  exist.  It  is  an 
mportant  question  whether  we  arc  justified  in  doing  so.  For 
if  it  can  be  proved  that  in  aphakia  no  trace  of  accommo- 
dative power  remains,  the  inference  would  .seem  to  be  legitimate 
that  tliis  power  depends  exclusively  upon  a  change  of  form  in 
the  lens.  Hitherto  this  question  has  nut  been  rigidly  investigated. 
It  is  true  that  Thomas  Young*  had  already  in  some  cases  of  aphakia 
examined  the  eye  with  reference  to  its  accommodative  power;  but 
the  eyes  at  his  disposal  were  not  particularly  well  adapted  for  the 
purpose,  and  he  moreover  thought  the  result  only  tolerably  satisfac- 
tory in  proving  the  absence  of  the  accommodating  power.     Von 

Tisuftl  axi«  of  22*©  mm,,  thus  having,  with  aphakia,  H  ^  -     ,    Now  we 

found,  with  the  use  of  di^ereat  gfksaea, 

F^  ^s  -_ _ (oompare  HelmhollZi  Dto^drikf  p.  58),  F  being  the 

focal  distance  of  the  lens,  F^  the  anterior  focal  distance  of  tlie  apboiktal  eye, 
and  je  the  distance  from  tlie  convex  lens  to  the  cornea.  In  this  case  jt  must 
always  be  ^  F—  2.6',— We  see  from  tbe  above  table,  that  fi  is  proportion- 
ate to  F^  which  may  be  at  once  deduced  from  the  formula  ;  the  numerator 
inoreaaes  proptirtionately  to  F.  On  the  contrary  F^  r  (in  our  case  ^  2^5'), 
and  with  it  the  whole  denominator*  ia  an  invariable  quantity,  Conse- 
qnently  if  F^^  increases  proportionately  with  J^,  this  holds  good  likewise 
for  (3 ft  the  value  of  which  is  proportionate  to  F^, 
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Graefe,''^  on  the  oontraiy^  found  that  some  accommodating  power 
remained.  He  remarks^  however^  that  those  who  made  the  most 
accurate^  and^  on  repeated  investigation^  the  most  nniform,  statements, 
had  the  least  range.  Whatever  else  we  find  here  and  there  noted 
respecting  the  occurrence  of  considerable  range  of  accommodation  in 
aphakia^  proves  only  that  the  writers  had  no  idea  of  the  degree  of 
distinctness  of  vision,  even  in  imperfect  accommodation. 

My  investigations  have  led  me  to  the  conviction^  that  in  aphakia  nci 
the  slightest  trace  of  accommodative  power  remains.  In  old  people, 
and  with  imperfect  aouteness  of  vision,  observers  sometimes  think  they 
are  able  to  prove  the  existence  of  a  certain  amount  of  range  of  accom- 
modation; but  in  young  persons,  with  perfectly  clear  pupils  and  great 
acuteness  of  vision,  in  whom  precisely  we  might  still  expect  to  find 
some  accommodative  power,  it  is  quite  evident  that  the  latter  is 
entirely  lost.  A  young  person,  of  perfect,  indeed  of  extraor- 
dinary, acuteness  of  vision,  who  was  himself  interested  in  the 
investigation,  had  suffered  from  congenital  cataract,  and  had 
been  operated  on  by  me  in  both  eyes  with  the  most  complete  suc- 
cess.    With  glasses  of  q-,  placed  at  5'^  from  the  eye,  he  saw,  at  a 

great  distance,  a  point  of  light  sufficiently  round  and  perfectly  defined. 
A  sight  {vizier)  was  placed  in  the  direction  between  one  of  the  eyes 
and  the  point  of  light,  and  when  he  now  looked  with  converging 
visual  lines  towards  the  sight,  the  point  of  light  remained  unchanged 
or  became  somewhat  smaller  and  sharper,  without  changing  its  form. 
If  the  lens  was  removed  only  J'*'  more  or  less  from  the  eye,  the 
distant  point  of  light  had  ceased  to  be  a  defined,  round  point,  and 
was  elongated  in  one  direction,  to  the  form  of  a  line ;  now  even  with 
the  most  powerful  exertion,  and  convergence  in  the  point  of  the 
sight,  the  hue  of  light  became  only  somewhat  shorter,  without  how- 
ever a  point  making  lis  appearance.  This  shortening,  as  well  as  the 
diminution  of  the  acutely  seen  point,  depended  upon  narrowing  of 
the  pupil,  which  was,  indeed,  directly  observed.  The  experi- 
ment was  repeated  separately  for  each  eye,  with  a  like  result. 
Behind  the  black  plate,  which  in  the  trial  was  placed  before 
the  one  eye,  the  turmng  of  this  eye,  in  looking  towards  the  sight  and 
towards  the  remote  point  of  light,  could  be  observed.  The  force  of  the 
experiment,  therefore,  leaves  nothing  to  be  desired.  No  accommo- 
•  Archivf.  Ophthalm.,  B.  11.  Abth.  i.  p.  188. 
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dation  whatever  existed,  Nevertlieless  in  this  case  also  a  small  margin 
of  distinct  vision  was,  on  examination  with  the  optomett?r,  observed, — 
a  proof  that  we  cannot  thenre  infer  the  existence  of  accommoda- 
tive power. 

In  a  second  similar  case,  that  of  an  intelligent  young  man^  the 
total  absence  of  accommodative  power  was  in  like  manner  proved. 
In  this  instance  it  was,  moreover,  established,  that  when  a  point  of 
light  was  acotely  seen  at  a  distance,  through  a  given  lens,  the  addi- 
tion of  a  lens  of  — ^  or  —  ygo  ^^^  ^^^  combination  of  ^  with 
— 'rt^  or  of  ^  ^th  ^—  —  )  produced  the  well-known  change  in  the 
point  of  light:  the  patient  constantly  stated  that  by  j^  i\\t  point  of 

iight  was  extended  in  the  vertical,  by  ^-  ~  ^.  m  the  horizonal  direc- 
tion to  a  short  line.  On  the  other  hand,  the  convergence  of  the 
visual  lines,  with  the  effort  to  see  near  objects,  was  not  followed  by 
the  slightest  change  of  form;  cunseqnently  there  was  no  reason  to 
suppose  the  existence  of  accommodative  power.  I  nmst  add,  that  at 
the  moment  when  he  directed  his  attention  entirely  to  the  sight,  an 
actual  change  in  the  sharpness  of  the  point  of  light  was  still  ohser\  cd 

immediately  on  unexpectedly  pushing  before  hun  a  lens  of  ^6^   ^^ 

^-        — Subsequently  I  have,  at  different  times,  tried  a  similar  ex- 

•  1  1  .       ,  1 

perimcnt,  in  which  glasses  of  ^^r^  or  of  —  -^^  (a  combination  of 


50 


with  —  pT^^^  ^^  m  ^^  '^^  —  fiii  J  P^*^"*^^^  ^^  evident  change  of 
form  in  the  image  of  light,  while  on  varying  the  convergence  and 
endeavouring  to  accommodate,  no  change  whatever  took  place.  The 
range  of  accommodation  therefore  amounts,  in  aphakia,  even  in  a 

youthful  eye,  certaiiJy  to  less  than  ;—  ,  and  may  therefore  be  con- 
sidered ;=  0.  It  may  well  sur})rise  us,  that  v,  Jaeger,  who  is  aware 
of  these  investigations,  still  speaks  of  accommodation  in  aphakia  {L 
c.p.  111). 

The  complete  want  of  accommodative  power  may  readily  mislead 
to  the  idea,  that  in  aphakia  glasses  of  diflerent  focus  are  necessary 

21 
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for  each  distance.    Fortunately  this  is  not  the  case.    Aaacc<)mmodA.I 
tive  power  re  mains,  the  mechanism  of  wliich  is  extremely  simpk^l 
The  drawback  is,  that  the  hand  must  in  it  perform  the  active 
The  power  of  jiccomraodation  to  which  I  have  alluded^  consists  i 
the  alteration  of  the  distance  between  the  glass  and  the  eye 
lens  placed  before  the  eye  has  been  substituted  for  the  crjstallincl 
It  can  also  take  on  itself  the  part  of  the  accommodation.     It  cannol 
do  tills  by  altering  its  form,  like  the  lens  in  the  eye,  but  it  holds 
the  old  theory,  according  to  which  the  power  of  accommodation 
miule  to  depend  upon  displacement  of  the  Icus.     I  teach  all  snffercri' 
from  aphakia  to  accommodate  in  this  manner.    Let  F,  =  /'  ^'  (Kg. 
IM  A)  be 

Fig.  123. 


the  focal  distance  of  the  lens  required  for  distant  vision,  and  the 
distance  /,  A  be  ^  4? :  then  the  rays  ab  and  cf/^hich,  refracted  al 
h  by  the  cornea  (dotted  lines),  would  meet  on  trie  retina,  converge 
towards  «*,,  at  F,  —  x  behind  the  cornea.  If  the  same  lens  be  now 
1^1^  =  ^  removed  farther  from  the  cornea  (compare  Pig.  B),  ^;j 
becomes  equally  removed  forwards  to  ^,  (0^,^  ^^  /y,  =^  ir),  Non 
we  know  that  rays,  in  order  to  be  brought  by  the  refraci  ion  of  the^ 
cornea  on  the  retina,  must  be  directed  to  J  {corresponding  to  ^^  i 
A),    Consequently  they  must  proceed  from  a  certain  point  i  situated  at 

ta  finite  distance,  whence  the  rays  t   h  and  i    d  are  supposed  to 
diverge,  and  of  which  j  is  the  conjugate  focus.     The  distance 
il^-=  ^  we  therefore fmd  from 
p.        P,  +  J-      y 
In  order  to  find   the  distance  of  distinct  vision  to  the  cor 
we  must  add  to  y,  the  distance  l^  h  -=  s  -^t  x  from  the  lens  to  the  eye.  i 
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In  the  onMoary  position  the  glass  is  about  hnlf-an-inch  from  the 
e,  and  the  spectacles  ctin  easily  descend  an  inch  farther  on  the  nose. 
bw  if  a  person  in  order  to  se«  at  a  distance,  requires  glasses  of 
:  S\,  placed  at  half-an-inch  from  the  eye,  let  the  spectacles  be  re- 
Boved  only  half-an-inch  more,  and  the  above  mode  of  calculation 
liows  that  accommodation  has  taken  place  for  the  distance  of  29" ; 
et  them  be  removed  a  whole  inch  more,  and  the  point  of  distinct 
fisiou  lies  at  11  y.  If  glasses  of  1 :  3,  placed  at  half-aii-ineb  from 
he  eye^  are  necessary  for  distant  vision,  then,  on  removing  the  glasses 
to  1',  the  point  of  distinct  vision  lies  at  22',  on  removing  them  to 
^"  it  lies  at  13  J',  and  some  people  then  reud  exceedingly  well. 

Notwithstanding  this  artificial  power  of  accommodation,  it  is  in 
fceneral  advisable  in  aphakia  to  give  two  spectacles,  one  for  distant, 
fthe  other  for  close  vision.  Each  pair  of  spectacles  can  then  take  on 
itself  a  part  of  the  desired  region  of  accommodation,  and  the  neces- 
sary displacement  may  now  be  very  slight.  But  in  order  to  read  or 
writfi  anything  for  a  moment,  the  spectacles  usually  worn  for  distant 
rision  are  simply  displaced  as  may  be  necessary. 

If,  with  good  power  of  vision,  aphakia  exists  in  both  eyes,  we  must 
carefully  attend  to  the  mutual  distance  of  the  axes  of  the  two  glasses. 
The  greatest  care  is  then  required,  in  order,  under  different  circum- 
itanceSj  to  guard  against  double  vision.  Sometimes  I  have  been 
obliged  to  have  the  glasses  more  or  less  ground  on  t!ie  outside,  espe- 
cially when  the  eyea  stood  particularly  close  to  one  another*  Once 
rtoo,  for  near  vision,  insufficiency  of  the  musculi  recti  interni  occurred 
rto  me,  which  was  completely  corrected  by  modifying  the  distance  of 
rthe  axes.  The  knowledge  of  the  general  laws  must  here  be  our  guide 
an  each  particular  case. 

[      Finally,  in  altered  curvature  of  the  cornea,  which  is  seen  especially 
^*fter  prolapsus  iridis  in  extraction,  an  oblique  position  of  the  glass 
required,    of  which   I   shall   speak    more   fidly    in   treating   of 
tigmatism. 

A  word,  in  conclusion,  on  examination  with  the  ophthalmoscope 
aphakia.     In  general  a  high  degree  of  H  exists  in  this  condition, 
f  the  rays,  in  order  to  come  to  a  focus  on  the  retina,  must  converge 
in  a  point  situated  3'  beliind  the  cornea,  tbe  rays  proceeding  in  a 
i verging  direction  from  the  retina  will  appear,  after  having  been  re- 
ted  on  the  anterior  surface  of  the  cornea,  to  proceed  from  a  point 
ituated  3'  behind  the  cornea.    With  myopia  of  nearly  1 :  3,  therefore, 
he  observer  can  still  examine  the  retina  in  the  unreversed  image. 
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We  understan J,  moreover,  that  in  order  to  see  the  fundus  j 
in  aphakia  in  an  ordinary  eye^  an  emmetropic  eye  must  either  i 
or  accoDamodate  strongly  for  near  object?,  or  make  use  of 
glasses.     We  may  ako  combine  one  plan  with  another, 
oculist  it  is  important^  that  he  should  be  aware  of  each  changej 
accommodative  power,  and  tliat  he  should,  under  all  cij 
be  able  voluntarily  completely  to  relax  his  power  of  ac^ommo 
With  tliis  total  relaxation  the  emmetropic  eye  sees,  with  glasses  of  1 :! 
held  at  about  Z'  from  the  observed  eye,  the  fundus  oculi  in  aph 
with  perfect  acuteness.  Tlie  rays  then  appear  to  proceed  from  a  potj 
situated  3*  beliiod  the  cornea,  and  the  eye  investigated  therefore  I 
quires  gla^^sc^  of   1  :  3J,  at  V'  ^^^  ^^e  cornea,  in  order  to 
accommodated  for  parallel  rays,  that  is,  for  distance.     We  can  I 
from  the  observation  with  the  ophtlialmoscope,  deduce  the  strength^ 
the  glasses  required.     Tliis  is  not,  however,  attended  with  any  essaP 
tial  advantage.    The  patient  himself  states,  more  accurately  than  can 
be  determined  with  the  ophthalmoscope,  the  glasses  which  he  require  ^ 
for  distant  \nsion,  and  in  general  decides  with  great  precisioD, 
what  distance,  and  %nth  what  inch  nation  of  the  glasses,  a 
point  of  light  is  most  acutely  seen.    But  the  observatiou  is  na- . 
portant  in  another  jK>int  of  view.     In  fact,  it  is  known,  that  in  til 
emmetropic  eye  the  whole  curvature  of  the  retina  lies  in  the  foi 
surface  of  the  dioptric  system  :  with  the  ophthalmoscope  we  see,  1 
unaltered  accommodationj  even  the  eccentric  parts  of  the  retina  acuti 
defined  in  the  unreversed  image;    and  in  the   eye    of  the  wh 
rabbit,  removed  from  the  head,  I  saw  sharp  images  of  remote  obje 
glimmering  through  the  entire  sclerotic,  so  far  as  the  latter  bears  C 
retina  on  its  inner  surface.     Thomas  Young  connected  the  union  i 
the  rays  on  the  retinal  surface  with  the  laminated  structure  of  ' 
lens.     It  is  certain  tliut  this  is  not  without  inlluence  upon  it» 
can,  in  fact,  satisfy  ourselves,  as  might  be  a  prion  inferred,  that  the 
retina,  where  aphakia  exists,  is  not  visible  with  equal  accuracy  in  all 
directions  through  the  same   lens,   unless  the  observer  alters  his 
accommodation  or  his  distance  from  the  eye. 

Another  question  is,  whether  the  forms  perceptible  in  the  fundus 
oculi  also  undergo  a  change,  when  we  look  into  the  eye  under 
tolerably  great  angle  with  the  visual  axis.     I  have  satisfied  mys 
that  this  is  really  the  case.     If  we  dilate  the  pupil  in  cases  in  whio 
clearly  visible,  sharply -de  fined  forms  occur  in  the  fundus  oculi ; 
example,  where  circumscribed  deposits  of  pigment  exist  in  the  retina 
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see  the  same  figures^  noder  the  slight  difference  of  direction^  with 
Wrhich  they  continue  visible^  becoming  elongated  and  shortened  in 
^rarious  directions.     It  appears  to  me  that  thus  also  the  form  of  an 
^eccentric  image  must  deviate  from  that  which  is  produced  by  the 
mame  object  near  the  axis  of  the  eye  on  the  retina.    The  direction  of 
"the  projection  must  be  modified  accordingly,  while  yet  the  objects 
are  seen  also  indirectly  in  their  true  form.     Now  it  deserves  remark, 
that  in  a  case  of  pigmentary  deposition  on  the  retina,  in  which  the 
lens  was  extracted,  this  change  of  form,  connected  with  looking  in 
different  directions  into  the  eye,  was  no  longer  observed,  or  at  least 
was  perceptible  in  only  a  very  slight  degree.     We  must  therefore 
assume,  that  indirect  vision,  in  aphakia,  has  undergone  a  change,  in 
this  sense,  that  the  forms  of  the  bodies  are  now  represented  more  cor- 
rectly in  the  retinal  images,  but  are  even  therefore  less  correctly  pro- 
jected.    However,  the  importance  of  this  ceases  with  the  use  of 
tolerably  strong  glasses,  which  is   ahnost  invariably  required;  for 
when  such  glasses  are  employed,  no  sharply-defined  images  whatever 
can  occur  on  the  eccentric  parts  of  the  retina. 


NOTE  TO  CHAPTER  VI. 

In  the  writiDgs  of  the  eighteenth  century  I  have  sought  in  vain  for 
proofs  that  H  was  observed  and  recognised  as  snch,  or  that  the  existence  of 
this  anomaly  of  refraction  was  even  suspected.  It  is  not  until  1811  that  we 
find  a  case  communicated  by  Wells  (Philosophical  TransactionSf  vol.  ciii. 
p.  380).  It  relates  to  his  own  eyes.  At  the  age  of  55  he  remarked,  that  his 
presbyopia  was  attributable  to  loss  (diminution)  of  accommodation,  and  that 
he  required  even  glasses  of  36  inches  positive  focal  distance,  in  order  to  see 
acutely  at  a  distance.  This  observation  did  not  escape  the  learned  Mac- 
kenzie (A  Practical  Treatise  on  the  Diseases  of  the  JEye,  London,  1830, 
p.  729).  "  Although  the  eye,"  we  read,  "  after  middle  life,  loses  the  power 
of  distinguishing  near  objects  with  correctness,  it  generally  retains  the 
sight  of  those  that  are  distant  Instances,  however,  are  not  wanting  of 
persons  of  advanced  age  requiring  the  aid  of  convex  glasses  to  enable  them 
to  see  distant,  as  well  as  near  objects."  As  he,  in  addition,  quotes  the  oaae 
of  Wells,  it  follows  from  the  above,  that  he  considers  the  occurrence  of  the 
condition  in  question  at  a  more  advanced  period  of  life  as  not  unusual,  and 
Wells  himself  was  of  the  same  opinion. 

The  cases  here  spoken  of  have,  however,  reference  only  to  hypermetropia 
acquisita.  If  no  other  form  occurred,  hypermetropia  would  not  be  of  any 
great  importance.  It  would  then  really  be  coextensive  with  presbyopia, 
and  we  should  have  been  able  to  concur  in  the  use  of  the  term  hyperpres- 
byopia,  which  Stellwag  von  Canon,  starting  from  such  cases,  has  given  in 
general  to  those  eyes  in  which  the  focus  lies  behind  the  retina. 
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On  the  19th  Navember,  1812^  James  Ware  read  before  the  Rojal  Sociel 
hu  Oba^rcations  relative  to  the  near  and  dtstant  BUfkt  of  different  pen 
After  having  spoken  of  the  senile  changes  of  the  eye,  and  having,  in 
sion,  quoted  Wells'  ease  of  relative  hypermetropia  aoquiaita,  he 
following  remarkable  words:  *' There  are  also  inatanoes  of  young 
who  have  so  disproportionate  a  convexity  of  the  cornea  or  crystalline,  or 
both,  to  the  distance  of  these  parts  from  the  re  tin  a,  that  a  glass  of  conaid^ 
ble  convexity  is  required  to  enable  them  to  see  distinotlyi  not  only  near  ohjedii 
but  also  those  that  are  distant ;  and  it  is  remarkable,  that  the  same  gltti 
will  enable  many  such  persons  to  see  both  near  and  distant  objeott;  thi]» 
proving  that  the  defect  in  their  sight  is  occasioned  solely  by  too  small  t 
convexity  in  one  of  the  parts  above-mentioned^  and  that  it  does  not  inBoenw 
the  power  by  which  their  eyes  are  adapted  to  see  at  distances  variously 
remote.  In  this  respect  such  persons  differ  from  those  who  had  the  Cfy»- 
talline  humour  removed  by  an  operation ;  since  the  latter  always  require  t 
glass  to  enable  them  to  discern  distant  objects,  different  from  that  whicb 
they  use  to  aee  those  that  are  near*'  {Philosophical  Transaction*  of  tht 
Roxfal  Society  of  London,  for  the  year  1813,  I^ondon,  1 813,  p.  43),  In  thetl 
few  words  James  Ware  entitles  himself  to  be  called  the  discoverer  of  hyper- 
metropia.*  In  a  youthful  eye,  with  sulBcient  accommodation,  position  of  the 
focus  behind  tlie  retina  and  need  of  convex  glasses  for  seeing  distant  objects: 
the  portrait  is  complete.  But  not  perceiving  the  great  bearing  of  his  du 
oovery.  Ware  coniines  himself  to  this  brief  communication,  which  waa  eitb( 
overlooked  or  not  comprehended.  Even  Mackenzie  [he.  cit.  4th  edition, 
923)  speaking  of  it  in  connexion  with  presbyopia  can  say  ooly  :  **  The  cases 
related  by  Mr.  Ware,  as  ooourring  in  young  persons,  seem  to  partake  mote 
of  the  character  of  asthenopia  than  of  presbyopia.*'  Hence  his  asthenopia 
might,  vice  versd^  have  suggested  to  him  the  idea  of  hypermetropia. 

With  Ware  our  knowledge  of  H  was  lost.  We  next  meet  with  Sicb«l 
{Des  luttettes  et  des  itut^  patholoyiqitrt,  eonsecuti/H  ^  leur  utaye  irrationel* 
Annates  ^oe^U9tiq\*e^  Tome  xiii.  pp,  5,  49^  109,  169.  Tome  xiv.  pp*  14, 
1 93.  Bruxelles,  1 84 6),  whose  doctrines  have  long  exercised  a  great  influence. 
Cases  of  an  anomaly  of  such  general  occurrence  could  not  escape  so  excel- 
lent an  observer.  As  *'  une  espcoe  d'amblyopie  cong^nitale  compUqace 
de  presbytie  et  prise  d'ordinaire  pour  uu  tres-haut  degr6  de  myopie,"  to 
which  he  gives  the  name  of  ambh/opie  preshytique  Cfmfjfnitale^  he  aketohes 
a   distinct    picture    of  high   degrees    of    hypermetropia.      The    natora 


i 
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•  While  the  above  pages  are  passing  through  the  f^ress,  I  find  that  Janin 
too  was  acquainted  with  H,  Thus  I  read,  in  an  article  by  Munoke,  in 
Gehler's  PHysik.  Jl'orierbtteh^  B.  iv.,  1828,  p.  1309^  the  following  words: — 
**  To  the  singular  phenomena  belongs  lastly  such  a  condition  of  the  eyes, 
that  neither  near  nor  distant  objects  can  be  distinctly  seen  without  convex 
glasses,  as  after  the  operation  for  cataract.  Now  Janin  (Mem,  et 
ohterv,  9ur  ffril,  Paris,  1772,  8vo»,  p.  429)  has  observed  this  defect,  which 
he  attributes  to  too  great  flatness  of  the  lens.'*  I  have  not  had  an  opportu- 
nity of  perusing  Jania's  communication  in  the  original. 
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of  the  affection  he  did  not,  however,  comprehend.  Ho  atateB,  in- 
deed, that  negative  glasses  only  incommode,  that  on  the  contrary,  im- 
provement is  ohtained  by  convex  glasses,  **  aveo  lesqueh  ila  n'ont  pas  hesoiu 
de  rapprocher  heaticoup  plua  Ics  ohjeU,  et  f|ui  m^met  potir  leur  servir 
effioacement,  doivent  etre  d'une  certaino  force/'  But  he  was  far  from 
believing  that  they  really  required  these.  **  II  eerait  dangereiix  toutefois,*' 
he  sflya,  '*de  lea  leuracoorder  trop  tot,  on  dc  pennettre  qulls  usent  des  verrea 
tpop  poissanU:  nneux  vaui  It*  en  pnter  le  plus  hngtems  pottsibh.** — If 
hypermetropics,  who  bad  already  worn  convex  spectacles,  resorted  to  him, 
he  did  not  hesitate  to  declare  that  the  use  of  the  glasses  was  the  cause 
why  they  could  not  diatinguish  without  such  assi stance,  and  already  saw  a 
dangeroiis  amblyopia  looming  in  the  distance.  He  therefore  imconditionally 
forbad  the  use  of  positive  glasses  for  remote  ohjects.  This  he  did  even 
in  the  oaae  of  old  persona.  Nay,  he  blames  Mackenzie  in  this  respeott 
who  nevertheless  certainly  did  not  go  too  far.  In  this  singular  prejudice 
■gainst  the  use  of  positive  glasses  is  contained  the  proof,  that  the  nature  of 
the  deviation  remained  a  mystery  to  SicheL 

The  same  prejudice  continued  for  a  lung  time  to  be  tolerably  generally 
entertained.  Even  so  late  aa  1853,  White  Cooper  {On  Nenr  Si^ht^  Aged 
Sii/ht,  and  Impaired  fWow,  p.  97)  describes  the  case  of  a  girU  o.ged  eight 
years,  who  used  a  convex  glass,  and  with  it  was  enabled  to  work  at  the 
distance  of  a  foot.  He  adds  that  her  parents  had  both  been  obliged  to 
wear  convex  glasses  at  the  age  of  thirty  (hereditary  II ) ;  and  still  he  could 
give  the  poor  child  no  better  ad  vice  than  to  refrain  from  the  use  of  Bpectaeles. 
"There  is  good  reason  to  believe,"  he  says,  "that  as  she  grows  older,  and 
her  eyes  are  more  employed  upon  near  objects,  the  difltanco  of  the  point  of 
distinct  vision  will  decrease/* — So  little  was  it  suspected,  that  the  structure 
of  the  eye  caused  the  focus  to  fall  behind  the  retina^  and  thai  at  any  distance 
correction  by  means  of  a  convex  glass  was  therefore  necessary. 

T\rhen,  after  the  discovery  of  the  operatioo  for  strabismus,  this  form  of 
disease  had  attracted  such  general  attention,  and  in  a  short  time  became 
the  aubjeotof  a  long  series  of  essays,  it  followed,  as  a  matter  of  course,  that 
the  power  of  vision  of  squinters  should  he  specially  attended  to.  Many  of 
these  essays,  however,  do  not  bear  the  stamp  of  unprejudiced  investigation. 
Almost  always  a  special  desire  was  manifested  to  ehow  that  by  the  opera- 
tion not  only  was  the  deformity  removed,  but  ibat  the  disturbance  of  vision 
was  also  gotten  rid  of.  In  general  we  find  anomalies  of  refraction  and  of  ac- 
commodation mixed  up  and  confounded  with  diminution  of  acuteness  of  vision, 
while  theories  respecting  the  inlluence  of  the  exteriml  muscles  of  the  eye 
upon  accommodation  were  made  the  basis  of  the  explanation  of  what  was 
observed,  or  even  determined  the  observation.  It  is  evident  that  a  squinting 
hypermetropic  eye,  which  moreover  usually  sufiers  from  diminished  acute- 
ness of  vision,  amblyopia,  can  distinguish  an  ordinary  type  only  when  near, 
although  even  then  with  difBculty,— better  at  least  than  the  same  type  at  a 
greater  distance.  Meanwhile,  this  condition  was  almost  umversally  con- 
sidered to  be  myopia,  and  Baudens  even  culls  a  child  extremely  nearsighted 
heeau^  it  could  distinguish  objects  only  with  strongly  convex  glasses.  Ludwig 
Bchm    (Das   Schiekn    und  der    SehnenschM    in  seinen    Wirkungen  auf 
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SiMinff  find  Sf*hkrafl  der  Aufferit  Berliti,  1845),  as  an  unprejudioed  obsemr 
fgored,  thskt  in  atrabUoiufl  the  yisioa  of  near  was  better  than  that  of 
distant  objeots  (therefor©  M  ?),  and  that  nevertbeleas  the  patient  could,  with 
convex  glaaseSf  read  at  a  greater  distance  (therefore  jireBbf  opia  ?). 
Thus  he  saw  himself  brought  into  a  difficult  dilemma,  from  wliich  he  knew 
not  bow  to  escape.  Evidently  he  did  not  oon aider »  thnt  even  without 
aooommodation  for  near  objects,  letters  of  definite  magnitude,  espociallj 
when  amblyopia  exists,  are  more  easily  recognised  near  the  eye,  than  at  & 
greater  distance,  simply  because  the  retinal  images  are  larger,  and  ihti 
Qonrex  glasses,  by  improving  the  images,  make  it  possible  under  those  dr> 
onmstances,  to  distinguish  at  a  greater  distance.  But  beyond  this  we  seek  io 
vain  for  any  proof  from  him^  whence  it  might  follow,  that  in  any  case  be 
Imd  satisfaotorily  proved  the  existence  of  bypermetropia.  Indeed  he  always 
investigated  only,  with  what  convex  glasses  a  di&tinot  type  of  medium 
magnitude  was  best  recognised,  and  nowhere  is  it  stated,  that  this  distance 
was  greater  than  the  focal  distance  of  the  glasses  employed* 

Among  the  oases  of  strabismus  communicated  by  Hitterioh  (Das  Sckulen 
und  aeine  Ileiiunffj  p.  73,  Leipzig,  1843),  we  find  one  recorded  in  which 
the  existence  of  H  was  demonstrated.  **  With  a  convex  glass  of  No»  24," 
we  read,  **  he  saw  (the  subject  was  a  boy  of  eleven  years)  both  near  and 
distant  objeots  beffer.**  However,  this  condition  was  not  more  acouratelj 
determined  or  appreciated,  nor  w*tts  the  case  further  observed,  A  similar 
oaM»  doicnbed  by  Fronmuller  [Ihohnrhtungen  aufdem  Gehiete  der  Au^en- 
kf&kunde^  p.  54,  Filrtb,  IH50),  in  which  it  is  expressly  stated,  that  *^  in  ord( 
to  be  able  to  see  well  at  a  distance/'  the  patient,  who  was  twenty-two  years 
age,  and  was  affected  with  strabismus,  was  obliged  to  make  ose  of  a  strong 
ctmvex  glass  No,  8  ;  this  case,  I  say,  was  in  some  inoomprehensible  manner 
confounded  with  the  myopia  at  a  distance  of  Kerst,  which  is  nothing  else  than 
a  slight  degree  of  m3*opia. 

lu  order  to  ascertain  whether  earlier  writers  had  any  idea  of  H,  we  had 
to  seareh  under  the  heading  of  presbyopia,     Kow  in  the  works  of  many  we 
fiud  it  statcdf  that  some  people  early  re^^uire  convex  glasses  for  reading  and 
writing,  and  occasii>nally  even  very  strong  ones^     Thus  we  read  in  Mac- 
kenzie (A  Treatise  on  the  DueaseM  of  the  Eyf^  p,  728.  London,  1830)  **  Young 
men  of  twenty  years  sometimes  cannot  see  to  read  or  write  without  convex 
glasses  of  six  or  eight  inches  focus,  while  persons   of  eighty  years   and 
upwards  are  occasionally  met  with  who  are  able  to  read  even  a  small  print 
without  assistance.     .....     These,  and  similar  differences,  depend 

up^n  the  original  formation  of  the  ef/es,  how  they  have  been  used,  and  th»^ 
genera!  health  and  constitution  of  the  individual/'  Thus  Smee  {The  ^ytfl 
in  Health  and  in  Dist^ase,  p.  33.  London,  1854)  also  says:  "Although  far 
sight  occurs  most  commonly  as  a  disease,  yet  I  have  been  occasionally  con- 
sulted by  patients  who  have  suffered  from  tliis  abnormal  state  as  a  result  of 
congenital  defect.  The  patient  in  this  case  prefers  to  sit  before  a  window 
with  the  light  falliug  directly  upon  the  pupil,  so  that  by  its  contraction  to 
a  pin*s  point,  only  the  central  rays  infringe  upon  the  retina,  and  thus  ftiir 
vision  may  be  obtained.  Congenital  farsight  may  exist  with  most  perfect  power 
of  adjustment,'*  These  last  words  are  of  great  importance.   When  the  power 
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BCcommodation  i«  perfect,  and  nevertlieless  near  objects  oaimot  be  seen, 
the  condition  can  be  none  other  than  H.  He  adds  :  **  the  diseaso  may  bo 
determined  with  great  aceuracy,  instantly,  by  the  optometer."  But  from 
the  tables,  in  which  the  results  of  op  to  metric  observations  obtained  by 
oalcalation  are  coIJectedi  it  does  not  appear  that  Srnee  waa  aotually  aware 
of  the  existence  of  IL 

Thus  no  progress  was  aa  yet  made  beyond  the  point  attained  by  Ware. 

He  who  knows  by  experience  how  commonly  H  occurs,  how  neoeBtary  a 
knowledge  of  it  is  to  the  correct  diagnosis  of  the  various  defects  of  the  eye, 
and  how  deeply  it  affects  the  whole  treatment  of  the  oculist,  will  come  to 
the  aad  conviction  that  an  incredible  number  of  patients  have  been  tor- 
mented with  all  aorta  of  remedieSi  and  have  been  given  over  to  painful 
anxiety,  who  would  have  found  immediate  relief  and  deliverance  in  suitable 
■peotaolea.  We  may  therefore  look  upon  it  as  truly  fortunate,  that  many 
liad  reoourse  aimply  to  ordinary  empirics,  so-called  opticians,  who  endea- 
our  to  give  men  those  spectacles  which  render  their  vision  persistently 
easier.  SioheFa  lamentation  over  the  number  of  patients  who  had  got 
oonvex  flpeotaoles  for  distant  vision,  satisfactorily  proves  that  the  opticians 
knew  very  well,  that  in  some  eyes  distant  vision  is  improved  hy  convex 
I^Uaaeiu  And  still  every  day  almost  the  same  thing  occurs.  But  what  is 
moref  some  of  these  opticiana  had  more  or  less  correct  nutiouR  of  hyperme- 
tropia.  Thus  we  find,  so  early  as  in  1812,  concealed  under  a  chaus  ol 
confujsed  ideas,  a  condition  separately  described  and  characterised  by  Mr. 
J.  A«  Heag  (TheoreUach  en  pfaktisch  handhmk  ihr  nmhnmitche  wMjhi^eU 
hundt;^  p.  216,  Zierikzee,  1842)  under  the  name  of  presmyopia  (sic!), 
of  which  he  says :  **  the  only  certainty  consists  in  this,  that  the 
vision  of  these  eyes  at  all  distances  is  improved  by  the  addition  of 
a  convex  glass,"  and  thus  H  is  evidently  defined,  Mr.  IIoss  stated  that 
this  condition  occurs  in  dillerent  degrees,  that  the  power  of  accommodation 
(by  him  called  extensibility  and  impressibility)  may  at  the  samj  time  exiat, 
and  thought  that  in  thete  eyes  the  lens  is  either  wholly  absent  or  mu«t  be 
partially  degenerated,  and  that  there  is  much  hope  of  caring  alight  degrees 
of  the  aflTeotion. 

At  length  in  1853,  we  find  hypermetropia,  for  the  first  time,  describrd  in 
a  scientific  manual  (Ruete.  Lehrhurh  dvt  Ophthatmolot/te  fur  Aerztc  und 
Stwdirende,  Bd.  i.  p.  234,  Braunschweig)  in  the  following  words,  under  the 
name  of  oterm^/htedness  ( Ueheraichtigkint) :  **  Oversightedness  is  the  con- 
dition in  which,  on  account  of  a  peculiar,  and  as  yet  not  sufficiently  inves- 
tigated, construction  of  the  refracting  media  of  the  eye,  neither  near 
nor  distant  objects  are  distinctly  seen.  The  eye  appears  in  it  to 
suffer  from  a  total  want  of  accommodating  power,  and  to  possess  but  a 
very  slight  refractive  power.  This  defect  of  sight  is  in  general  congenital, 
or  is  at  least  developed  in  very  early  youth.  Vision  is  oonsiderably  itn* 
proved  by  the  use  of  convex  spectacles,  whose  foeal  distance  munt,  however, 
Tary  according  to  the  distance  of  the  objects,  so  that  those  suflering  from 
this  defect  are  able  even  to  read."  The  description  still  leaves  much  to  be 
desired  ;  the  state  is  not  accurately  characterised ;  moreover,  it  is  inoor- 
i«eUy  supposed,  that  the  power  of  accommodation  is  in  these  eyes  almost 


HYPERMCTROPU. 

wMly  mnlt*^    Bttt  stiU  m  thtm  km  wtrds  lies  the  gam  of 
iaveitifmtioitt  sad  we  tlios  »e  koe  dbe^  u  in  Buutj  oOier  pointa  tacpKtlkil- 
molagj,  Uie  uapdM  given  Vj  Rnete  te  onr  kiMnrMge. 

TvD  jem  leter,  nuelf  oa  tiM  ISOi  el  A|ifil,  tS&5,  Dr.  Cerl  SteUwig 
Tin  CMon  bid  belbfv  tlie  lafsU  AadMf  el  Sebnoce  U  Tkniia,  « 
ceeejr  cptttlgd:  die  ^w»eieiirfeitMi|Whfar  Ae  Ayw>      (fiueziMy*- 
db^  JUwr&dUi  Jkwdtmif  det   WmmmttAmfUm,  MaOtwnatucL 
C^bMc^   Bd.    XTt.  fP^  187-^1.)     In  it  ve  iiid  i 
in  the  foUoving  words:   ""tlie  optical  tfltenee  of  oTcr- 


lies  in  thi^  tliAt  tlie  foeel  rnnge  of  tbe  dic»ptiie  eppermtn*  io 
pmht/i  feet  of  tbe  fteooBBodeting  nneele  u  gneter,  IliAn  Uie  dietuea  of 
Ihe  Injer  of  rode  end  bnlbe  ftom  tlie  eptieel  eenlte  of  t^  ie6eetii|g  ■tedit.* 
SteUwmg  too  haa  the  merit  of  bnTing  vtiefactorilj  tndicaltf^d  tbe  Aeliiod  ef 
detennining  r  in  eaees  of  H.  Blight  degraei  of  H  he  appe^ifa,  howi^T^ r 
aearedytphafe  leeogniefd,  the  latent  not  at  all  (eotnpeie  de  Haaa»  W.  ^w.;  i 
and  on  the  whole*  aa  the  rtirj  naae  of  hyyefpieahyepin  need  bj  him  tlio«% 
be  haa  not  itrietlj  cnoogh  diatlngniihed  h jpermelropia  tern  preebjopta. 

Onlj  a  few  moncha  after  Stellwag  Ton  Canon  had  hrooght  forward  hii 
in?eetigataona  on  defceti  of  aeoommodation  of  the  eye,  we  find  in  the 
ArckwJSr  Ophikahmaiofie  (Bd.  ii,  Abth.  i  pp.  158-186)  a  paper  hj  fen 
Graefe,  nnder  the  title  el  **  Ceber  M jopta  in  diatanib  nchet  Betrmchtnagee 
ub«r  das  Sehen  jeneeHa  der  Gnouen  nnaerer  Aeeewmodatieti,"  in  which 
oeenn  a  mast^rl^  deaeiiplien  nf  the  h^iest  degrwa  el  hypennetrepb. 
StcUwag  von  Carion  had  olietned,  that  "  Ihe  orernghted  pemi,'*  in  otte 
to  leeogniae  an  object,  brtngB  it  Tery  eloae  to  the  eje^  and  s^gnlntljeiieBglib 
he  eeema  to  imagine  (compere  p*  268)  that  it  then  appearai 
Ton  Graefe  haa  remarked  Ihe  aameb  hot  hae  aIeo»  in  pert  at  i 
the  caoae,  bj  proving  mathematieelijr,  that  in  the  hypermetroiiie  cje,  ee 
approeehing  the  objeetc,  the  angle  nnder  which  thej  appear  increasee  meit 
rapidlj  than  the  oirelea  of  diffnaion,  and  by  imitating  the  eSeet  on  the  eje 
miid«  hjpermetropie  by  negatrre  gineaes.  He  abowa  fnTther,  that  thia 
hypctmetiepie  eye  ii  diMriy  diatingniahable  in  atraetare  from  the  mjefM 
€ftf  by  the  flatneei  of  ita  anterior  chamber  and  by  the  nnirvwBeea  eC  Iht 
pn^ ;  bat  he  haa  not,  any  mnre  than  Stellwag  von  Carteii,  piepiriy  leeog- 
niatd  and  appreciated  the  alight  and  moderate  deg^eee  of  hypegmetfopia> 

In  my  first  coram  an  ication  {Xederiarndtek  Tjfd$dkn^  raor  Otmmwlmmik, 
Jaar^,  is58,  pp.  465-476.  Atrkw  fSr  OpMtdmokfk,  Bd.  iT.»  Ablh.  i, 
pp,301  340),andbkewiaeinlhediaBeti>thmlyMa«<HtUTTy(aidminaiMyta 
oe«r  d€  koe^roaiAeid  der  aeeommnoda^  Utrecht,  1S5S}, 


and»  my  taperintendenoe,  the  oondition  nndc7  eonaideration  waa  indeed 
accormiely  distinguifihed  from  presbjopia,  bat  the  diviaieii  into  anemalin 
of  refraction  and  of  aeeonunodAtion*  and  the  oppoaition  of  myepin  and  hrpt r- 
metiopia,  were  not  yet  apparent.  It  waa  at  the  meeling  held  at  Hni^beig 
in  IB^,  that  I  fint  ahowed,  among  other  things,  that  pteahyepia  nnd  Ihe 
aomlled  hyperpfeabyopia  are,  both  in  eeennce  and  in  aympleatt  wliotly 
diflercnl  eondiliona,  thnt  the  bllmr  akne  ia  oppoaed  to  M,  that  an  eye  mny 
be  e?ea  vny  hyperpeeebyopie  witfaoot  being  in  the  Unit  affNied  with  i 
hynpia,  ele.  I  a^pwd  Ihnip  eonmqiwBtly,  the  name  of  by 


I 


HISTOBICAL  REMARKS, 


3dl 


be  Bet  aside,  and  Helmholt;!^  who  was  at  the  tneetiog^  immediately  proposed 
the  term  hyperopia.  This  coincided  with  the  word  "  oversightednees"  ( Ueher^ 
sivhiufkeii)  tir^t  used  by  Euctei  and  quiokly  foand  aeceptaoGe  with  some. 
On  more  fully  working  out  my  system,  I  thought,  however,  that  the  term 
hypermetropia  would  be  more  in  acoordance  wkh  the  nomeuelatiire  I  had 
already  employed  in  the  words  ametropia  and  emmetropia,  and  this  name 
has  since  that  time  been  moat  generally  adopted. 

My  investigations  respecting  H  are  to  be  fouutl  in  Ametropte  tn  hare 
ffecQlgent  Utrecht,  1860,  and  in  the  Archiv  fur  Ophthalmuhgie^  Bd,  vi,, 
Abth.  i.,  pp.  62-106,  Ahth.  ii,,  pp.  210-243, 

Since  I  published  my  researches,  different  writers  have  treated  of  the 
anomalies  of  refraction  ;  among  others  Hasner  (Kh'msche  l%rtragc  iiher 
Auffenheilkundef  Prag.  1860) ;  Giraud-Teiilon  {Phtjifiolagie  H  pathoht^ie 
ftmeUofmeUe  de  In  tismn  bmocutmrt,  Paris,  1H6I);  Happe  {Die  Bestim- 
munffen  des  Sehberetcha  und  detsen  Correction,  Braunschweig,  18G0),  and 
Soelberg  Wells  {On  hnff^  $hort,  and  weak  St't/ftt,  and  thetr  Treatment. 
London,  1862).  Our  knowledge  ofH  has  not,  however,  been  increased  by 
these  works*  That  of  Professor  von  Jat>ger,  Jirnr.  (  Ueher  die  Binstell tinmen  des 
dinptrvichen  Apparate9  im  m^nsck  lichen  Aut/e,  Wien,  ISGI)  has  also  been 
fruitleas  in  this  respect  But  the  last-named  writer  haa  the  merit  of  having 
been  the  first  to  make  an  attempt  to  trooe  the  changes  of  the  refractive  con- 
dition of  the  eyes  in  the  normal  development  of  ohiyhood.  ]  think  that  leaa 
importance  is  to  be  attached  in  thia  respect  to  his  measurements  of  the  eye- 
ball and  of  the  crystalline  lens  after  deathj  than  to  his  derminations  of  the 
refractive  oondition  of  the  eyes  at  different  periods  of  life  with  the  aid  of 
the  ophthalmoscope,  especially  when  previously  to  the  investigation  he  para- 
lysed the  accommodative  system  with  atropia.  Von  Jaeger,  following  the 
eitample  of  Heimholtz  (Besckrcibunff  eineit  Attgen-Spieffcfs  zur  Unter^nchun^ 
der  Netzhaut  im  lebenden  Auge^  p.  38,  Berlin,  1851),  early  recommended 
the  ophthalmoscope  for  the  determination  of  the  refraction  of  the  eye  ( Oester- 
reichi$ch^  Zeit^chrijffiir  prakiuche Meilktwde^  No,  10,  Miirz,  1856),  and  he 
has  undoubtedly  actfuired  great  expertness  in  the  uae  of  this  method.  His 
observations  extend  over  more  than  1600  eyes.  The  numbers  noted  by  him 
are  the  following  : — Of  100  eyes  of 
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Uft^Vic 

Infants,  from  9  to  16  days  old,  are . 

Children,  from  an  infant-school,  of  between  2  and 

6  years  of  age    .             .             ,             .             . 
Boys,  in  the  country,  between  6  and  1 1  years  old  . 
Girls,  in  the  country,  between  5  and  1 1  years  uf 

age          .....             . 

Boys,    in  an   orphan    house,  between    7   and    14 

years      ...... 

Pupils,  from  a  boarding-school,  of  from  9  to  16 

years      ...... 

Soldiers  (Italian),  from  20  to  25  years 

17 

8 
11 

10 

12 

2 

1 

5 

30 
46 

34 

33 

18 

57 

73 

62 
43 

66 

55 

80 
42 

In  Ton  Jaeger's  table  the  degrees  of  ametropia  are  also  stated. 


CHAPTER  VII. 

MYOPIA.    M. 

§  20.  Dioptric    Determinatiox,  Diagnosis,   Degrees,    Occui- 

REXCE,  HeREDITARINESS,  DEVELOPMENT  WITH  ADVANCING  AgE. 

Myopia  we  have  already  considered  as  the  condition  opposed  to 
11.  In  the  latter,  the  focus  of  the  dioptric  system  lies  behind,  in  M, 
on   the  contrary,  it  lies  in   front  of  the  retina;   in  other  words 

Fig.  124. 


parallel  rays  (Fig.  124,  a  a,  bb),  derived  from  infinitely  remote 
objects,  unite  in  the  myopic  eye  in  front  of  the  retina  in  0%  and  each 
infinitely  remote  point  therefore  forms  upon  the  retina  a  circle  of 
diffusion,  (a  b')  of  rays,  wliich  have  already  intersected.  Hence  it 
follows,  that,  in  order  to  unite  upon  the  retina  in  r^  rays  must  proceed 
from  a  point  r  situated  at  a  finite  distance,  and  must  therefore  fall 
diverging  upon  the  cornea  (see  the  dotted  lines). 

The  above  is  true  of  the  eye  in  a  state  of  rest.  By  tension  of 
accommodation  the  emmetropic  eye,  and  usually  even  the  hyperme- 
tropic, can  bring  its  focus  for  parallel  rays  in  front  of  the  retina; 
but  it  does  not  therefore  become  myopic.  Even  when  by  spasm  of 
accommodation  the  focus  comes  to  he  before  the  retina,  and  relaxa- 
tion  to  E  is  not  possible,  the  eye  cannot  be  said  to  be  myopic.  M 
depends,  just  like  H,  on  the  structure  of  the  eye,  irrespectively  of 
accommodation,  or  rather  with  actual  relaxation. 

In  general  M  is  easily  recognised.  The  rule  is,  that  near  objects 
are  accurately  seen,  while  at  a  distance  vision  is,  on  the  contrary, 
diffuse.     So  soon  as  letters  of  double  magnitude  are  not  recognised 
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!  the  distance,  we  are,  in  general,  justified  iri  assuming  the 
□ce  of  M.  The  criterion  consists  further  in  this,  that  with  con- 
live  glosses  distant  vbion  becomes  more  acnte.  However,,  this  is  not 
true  of  all  concave  glasses.  In  slight  degrees  of  M,  vision  is  even  worse  ] 
with  strong  concave  glasses?  than  witliout  glasses,  and  in  the  highest 
degrees  of  M,  the  effect  of  weak  concave  glasses  is  scarcely  percepti- 
ble. The  question  is,  therefore,  with  what  glasses  must  we  in  a 
particular  case  commcnee  tlie  investigation,  in  order  to  satisfy  our- 
selves of  the  existence  of  M ;  and  this  is  answered  by  the  first  trial-* 
of  the  sight.  iVom  these  trials  we  leani,  namely,  what  is  about  the 
distance  It  of  the  farthest  point  of  distinct  vision,  Ahnost  always  the 
myopic  presents  In m self  before  us  with  the  statement,  that  he  can  see 
near  objects  well,  while  he  with  diiTicnlty  distinguisbes  at  a  distance, 
and  if  we  then  place  in  his  hand  a  book  with  small  type,  for  example 
I  or  n  of  Snellen's  Tests,  the  distance  which  he  chooses  itself 
indicates  about  the  farthest  point.  We  now,  however,  make  hirti 
remove  the  book  farther  off,  until  he  reads  less  easily  and  sees  even 
somewhat  larger  letters  less  acutely,  and  we  estimate  the  distance 
at  which  this  diminution  of  acuteness  commences.     If  this  be  6"^  ^e 

try  at  first  glasses  of  —  ^  ;  if  it  is  10'^  glasses  of  —  ^^,  &c.      AU 

most  invariably  vision  at  a  distance  is  now  better  :  of  the  table  with 
CC  to  XX  or  less,  letters  will  be  recognised  at  a  distance^  wliich 
without  spectacles  are  not  distinguished^  and  the  existence  of  M  is 
thus  proved.     The  matter  is  simple  :  at  G',  at  10',  vision  is  distinct ; 

and  by  glasses  of — „,  of —  y-  ,  the  parallel  rays  derived  from  remote 

objects  acquire  a  direction,  as  if  they  had  proceeded  from  a  point  i 
sitaated  at  6',  or  at  10'  from  the  glass  (compare  p.  32),  and  dis-J 
tinguishing  at  a  great  distance  has  thus  become  possible. 

We  now  iuvestigate  immediately  and  more  accurately  the  de^ree^ 
of  M;  in  other  words,  we  determine  R,  the  distance  from  r  to  jfr.' 
This  is  found  by  trying,  what  the  weakest  negafwe  ^lass  is,  with 
which  vision  is  as  acute  as  possible.  In  order  quickly  to  attain  this 
object,  we  place  the  glasses  supposed  to  he  suitable  in  a  frame,  cause 
the  patient  t^  look  through  them  at  tlie  table  already  mentioned, 
and  now  hold,  while  we  raise  the  frame  somewhat  with  the  fingers, 
glasses  before  the  eye,  wliich  are  somewhat  weaker,  and  ask  whether 
with  them  vision  is  as  good  or  even  better :  if  he  answers  yes,  we 
then  place  these  in  the  frame,  and  compare  them,  in  like  manner,  again 
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said  that  tlie  vision  is  leas  accurate.    Thus  I  have  with  M  = 


• 


with  somewhat  weaker  glasses^  repeating  the  trial  until  we  nmst 
for  auswefj  that  vision  is  not  so  acute  with  the  glasses  last  tried. 
But  we  should  even  still  try  yet  weaker  glasses,  and  Dot  be  aatided 
nntil  we  are  told  that  vision  is  with  them  much  less  acute:  expe* 
rience  has  in  fact  taught  me,  that  we  cannot  be  too  cautious;  for 
with  good  accommodation  the  action  of  too  strong  glasses  is  easily 
enough  overcome,  and  since  with  slight  differences  in  strength  the 
sight  remains  nearly  the  same,  this  equality  may  lead  to  its  bebg 

I 
16 

seen  —  ^  preferred  to  —  -  or  —  ^,  although  —  =-^  finaUy  proTed 

to  be  sufficient, — Not  unfrequently,  however,  the  glasses  first  tried 
are  too  weak,  in  which  case,  on  comparison,  the  weaker  are  immediatdj 
rejected*  This  we  find  to  occur  especiaJlj  with  older  myopes,  who 
prefer  reading  at  a  comparatively  great  distance;  while  very  young, 
and  still  in  the  possession  of  a  great  power  of  aocommodation;  thej 
rcailily  bring  the  object  within  the  distance  of  their  farthest  point, 
and  so,  on  the  first  trial,  they  cause  a  higher  degree  of  M  to  be 
suspected.  If  we  have  now  found  that,  in  order  to  attain  the  greater 
acuteness  of  vision,  a  stronger  glass  is  uecessary,  we  go  on  until  further 
strengthening  no  longer  produces  an  improvement,  and  we  then  trj 
once  more,  whether  a  somewhat  weaker  glass  is  not  equally  satis- 
factory. Thus  the  object  is  at  length  attained. — We  have  already 
observed,  that  the  distance  at  which  the  glass  is  held  from  the 
eye,  has  an  influence  upon  its  action.  While  a  convex  glass,  by 
removal  from  the  eye,  acts  more  and  more  strongly,  the  reverse 
obtains  with  regard  to  concave  glasses.  Tlie  thing  is  plain :  parallel 
rays,  refracted  by  a  concave  glass,  appear  to  proceed  from  a  point 
placed  as  far  before  the  glass^  as  the  focal  distance  amounts  to,  and 
that  point  lies  still  so  much  farther  from  the  eye,  as  the  distance 

between  the  eye  and  the  glass.     Thus  a  glass  of  —  -^^  held  an  inch 


further  from  the  eye,  is  equal  to  a  glass  of —  x,  but  with  this  differ- 


U9     UlUt.T'^^H 

an   inclH 


ence,  that  the  images  are  smaller :  therefore  —  q?   if  held 

closer  to  the  eye,  is  chosen.  Now,  of  the  influence  of  distance  on  the 
action  of  glasses,  we  may  often  advantageously  make  use,  in  order 
to  see  quickly  whether  the  glass  tried  is  too  strong  or  too  weak.     If 
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i  IS  too  strong,  removiiig  it  a  little  ia  no  disadvantage ;  if  it  is  too 
weak,  tlie  patient  will  hold  it  rather  directly  to  the  cje.  However  we 
must  not  be  too  snre  on  this  point.  Thus,  the  myope  who  has  a 
good  accommodating  power,  will  hold  even  a  too  strong  glass  by  prefer^ 
ence  close  to  the  eye,  because  the  retinal  images  are  thus  rendered 
larger.  Therefore  when  vision  ia  equally  good  or  even  better  on  the 
removal  of  the  glas9^  we  may  infer  that  the  latter  is  too  strong,  not 
vice  versa.  In  any  case  we  should  never  be  satisfied,  until  we 
liave  determined  what  is  the  wciikest  glass  which,  held  close  before 
the  eye,  is  quite  suiticient.  By  this  the  degree  of  M,  and  at  the 
same  time  the  acuteness  of  vision  are  known  (compare  p.  97). — 
The  investigation  may  in  general  be  undertaken  with  both  eyes  at 
the  same  time :  almost  invariably  the  M  is  sufficiently  nearly  equal 
in  the  two  eyes,  and  what  has  been  found  for  both  eyes,  may  in  a 
moment  be  tested  for  each  eye  separEitely.  But  if  we  have  reason  to 
suspect,  aprmri,  inecjunlity  of  the  M  in  the  two  eyes,  or  if  we  obtain 
confused  answers  to  the  first  tests  of  vision,  we  may  first  try  the  one 
eye  and  afterwards  compare  the  other.  We  should  always  begin 
with  the  eye  which  the  patient  himself  calls  the  best,  the  other 
should  be  gently  closed  with  the  hand.* 

Many  will  possibly  iind  the  above  directions  tedious  and  too 
minute.  And  yet  they  are  in  many  respects  incomplete ;  so  that,  at 
the  risk  of  incurring  the  displeasure  of  my  readers,  I  will  take  leave 
to  point  out  some  additional  sources  of  error.  Let  it  be  borne  in 
mind  that  an  incorrect  determination  of  the  degree  of  M  may  highly 
endanger  the  eyes. 

In  the  first  place  some  thinks  aUhongh  they  are  nd  nearsighted, 
that  the^  see  distant  objects  more  accurat-^ly  mlh  amcave  glares  : 
the  smaller  dimensions  of  letters  and  of  other  forms  appear  to 
them  80  flattering  and  agreeable,  that  they  feel  bound  to  boast  of 
their  distinctness.     Therefore  we  should  never  be  content  w'th  the 

•  Toa  Graef©  has  lately  (ae©  Deutsche  Klinik,  1863,  p.  10)  bad  an 
optical  inatrnment  made,  wMoh,  by  a  simple  mechanism,  can  be  so  modified 
in  ita  action  as  to  represent  lensea  of  verj  diflfcrent  focal  distancea.  It  may 
now»  held  before  the  eye,  be  so  arranged  that  the  ametropia  ia  pri*cisely 
corrected,  and  thus  the  tedious  determination  with  different  glasses  rany 
bp  dispensed  with-  Von  Graefe  praises  it  very  much*  I  am  sorry  that  I 
have  not  yet  been  able  to  try  it.  It  appears  tome  that  the  influence  on  the 
magnitude  of  the  images  must  give  rise  to  some  disturbaoce  in  t!ie  deter- 
mination.    In  using  this  inatrumcnt,  eftoh  eye  is  separately  investigated. 
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declaration :  **  I  see  better  \^  but  we  should  saiiah'  ourselves  of  i 
correctness,  b}'  luakiiig  the  patient  name  the  letters. 

In  some  ca^es  objects  are  reallt/  better  dutinguuhed  ^y  u^ng 
eave  fflanMen^  although  the  ej/e  is  free  from  M.  Wc  meet  with 
especially  in  misty  opacities  of  the  cornea,  when  the  narrower  pu 
which  is  the  result  of  the  tension  of  aecomniodatioti  made  necessary 
by  the  concave  glass,  diminishes  the  iliffused  light.  Particukrlj 
when  the  turbidity  is  local,  and  is  so  situated  that  it  disturbs  direct 
vision  only  when  the  pnpil  is  dilated,  constricting  the  pupil  by  using 
a  concave  glass,  produces  a  very  considerable  improvement  of  i\ 
power  of  vision.  It  need  not  be  said  that  the  existence  of  a  suflSde 
range  of  accommodation  is  here  the  sine  qua  mm  for  obtaining  in 
provement  by  means  of  negative  glasses, — Further,  one  should  bewa 
of  mistaking  spasm  of  the  ciliary  muscle,  with  which  the  aocommo 
tion  cannot  be  relaxed  to  E,  although  the  vision  of  distant  object*  i«  ^ 
improved  by  negative  glasses,  for  M.  lu  speaking  of  the  distiu-bances 
of  accommodation,  I  shall  revert  to  tliis  subject.  Here  it  may  saiEoc 
to  state,  that  the  sudden  occurrence  of  the  disturbance,  in  connexion 
with  other  phenomena  (espeeially  myosis),  will  lead  us  to  suspect  tbe 
existence  of  spasm,  which  is  easily  tested  by  paralysis  by  atropia. 
We  shall  further  see,  in  the  disturbances  proceeding  from  high 
degrees  of  M,  that  a  certain  measure  of  spasm  is  not  unfrequentlf 
combined  therewith,  and  makes  the  degree  of  M  be  too  hig 
estimated. 

Oo  the  other  hand,  actually  erUting  M  is  not  always  indicated  i 
ordifwry  iuveMi(/ation,  This  depends  upon  different  causes.  In  I 
first  place,  diminished  S  is  to  be  noted.  If,  as  we  have  already  se 
(p.  254),  without  the  presence  of  II»  a  convex  glass  is  soinetij 
chosen  for  distance,  because  the  advantage  of  magnifying  the  ima 
may  counterbalance  the  disadvantage  of  diminished  acuteness, , 
concave  glass,  which  diminishes  the  size  and  adds  little  to  the  di^ 
tinctness,  will,  under  similar  circumstances,  where  M  exists,  Isc** 
rrjccted.  Always  too,  in  the  highest  degrees  of  M,  a  too  weak  glass 
is  preferred  above  a  completely  compensating  one,  and  often  vision  ia 
better  with  it :  the  cause  of  this  lies  partly  in  the  diminished  8, 
partly  in  the  fact,  that  the  circles  of  diffusion  prove  particularlj 
s?nall  in  relation  to  the  degree  of  the  M  still  remaining  with  imj 
feet  correction  (compare  the  \nsion  of  myopes)  .^In  the  secoB 
place,  a  smaller  pupil  is  to  be  noted.  The  smaller  the  lattex  is,  tl| 
less  disturbance  do  the  circles  of  diffusion  cause  in  imperfect  accoii 
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Hiodation;  and  thus  it  is  explained  why,  with  incomplete  atresia 
BupiUa;^  with  very  small  pupilla  artificialisj  in  either  case  with  dimi- 
^■ished  8,  nay,  even  with  senile  constriction  of  the  pupil,  neutrahsing 
B  certain  degree  of  M  in  general  yields  no  advantage,  and  the 
"Neutralisation  in  such  cases  may  therefore  the  more  easily  escape  us. 
J^e  should  take  particular  care  that  in  trying  the  glasses  the  eyehds 
not  squeezed  together,  as  myopes  are  accustomed  to  do,  and  the 
cles  of  diffusion  be  so  diminished. 

Next  to  the  examination  with  glasses  is  that  with  the  ophthalmo- 
3pe,  Of  this  we  have  alre^idy  spoken  in  general  (pp*  1 05  el  acq.).  If  the 
ipil  be  wide,  the  investigator  can  determine  high  degrees  of  M  in 
tie  unreversed  image;  with  a  narrower  pupil  this  is  more  diffi- 
cult, and  the  examination  in  the  inverted  image  answers  better, 
although  the  degree  of  M  is  not  by  it  to  be  determined  with  accuracy. 
The  ophthalmoscopic  investigation  yields  essential  service  in  the 
det«rrainaHon  of  the  degree  of  myopia:  1°,  when  the  eye  is  blind, 
and  the  nature  of  the  morbid  process  may  be  connected  with  its 
structure.  (Ilelmholtz''*"  determined  the  M  in  such  a  case;  it  has 
often  occurred  to  me  to  be  able  to  give  a  favourable  prognosis  for 
the  second  eye,  because  the  ophthalmoscope  showed  me,  that  the 
lost  eye  had  been  higldy  myopic).  2"",  when,  with  diminished  S,  the 
ophthalmoscope  is  tirst  used,  i^hich  now  directly  gives  us  tolerably 
accurate  information  respecting  the  existing  ametropia  :t  at  the  first 

•  Be9chretbang  ernes  Angensjnegeh.    Berlin,  1851,  p.  38. 

f  It  is  desirable  systematically  to  carry  out  the  ophthalmosoopie  invesli- 

gmtion  for  eaoh  eye.     The  emmotropio  individual  should  oombine  with  hia 

ophthalmoB€Ope  a  glasa  of     _,  should  look  W^  or  15*  to  the  outride  of  the 

visuAl  axis  directed  on  a  given  point,  beginning  nt  the  distance  of  10',  and 
should  gradually  approach,  so  as  oonsecutiTely  to  see  the  cornea,  pupil,  lens, 
and  Yitreous  humour ;  he  should,  in  the  investigation  of  the  lens,  cspeeially 
make  the  patient  look  for  a  moment  downwards  (where  the  opacity  usually 
begins) ;  in  the  examination  of  the  vitreous  humour  lie  should  make  him  move 
the  eye  in  different  direetions,  and  then  suddenly  stop  at  the  originally  fixed 
point  (bo  as  to  see  floating  flakes)  j  he  ihould  again  remove,  in  order,  with 
the  interposition  of  a  convex  lens,  to  look  into  the  inverted  image  ;  he  should 
then  begin  again  in  the  original  direction,  so  as  to  see  the  entranoe  of  the  optic 
nerve ;  subsequently  he  should  make  him  move  slowly  in  diflercat  directions, 
and  should  look  from  different  points,  in  order  oonseeutively  to  pass  through 
the  whole  fundus  oouli ;  above  all,  he  should  not  neglect  for  a  moment  to 
make  him  £x  the  light  in  the  mirror  (in  order  to  judge  of  the  macula 
liitea) ;  and  £nally,  he  skotild  examine,  if  there  is  indication  for  it  or  if 
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glance  iuto  the  eye  from  a  certain  distance  it  is  evident  m  stron 
thai  the  inverted  image  stands  before  the  eje  j  S"",  when  we ' 
determine  the  degree  of  M  in  indirect  vision^  or  to  estaUiih  ^ 
eiistence  of  locally  exalted  M,  through  locally  increased  staph/ 
tou9  distention  :  in  either  case  the  examination  nith  glasses  i 
^%  where  simulated  or  concealed  M  is  suspected ;  5%  in  chOd 
from  whom  correet  answers  are  not  to  be  expected. 

The  degree  of  M  is,  as  we  have  already  seen  (p.  91)j  expressed! 

1 


M  = 


fi* 


B  id  the  distance  from  the  farthest  point  r  to  the  nodal  point  i 

r 

in  the  eye,  situated  about  j  behind  the  cornea.     The  poeitioii  of  ( 

is  found  by  determining  the  glass,  which  neutralises  the  M :  it 
so  far  in  front  of  this  glass  as  the  focal  distance  amounts  to.   I^  fd 

example,  the  required  glass  is  =  —  ^,  r  lies  W  in  front  of  the 
glass,  and  if  the   glass   stands  j    before  the  eye^   and  therefore 

r     1"    1 

B  is  =  12*5  and  M  =  1 :  12*5  (compare  p.  32),  We  now  undentuii^ 

distinctly,  that  the  distance  r  (that  from  the  glass  to  i')  sigoifies 

Uttle  when  the  glass  is  weak:   it  is,  in  fact,  nearly  iudifTerent, 

1  1' 

whether  a  class  of  —  ^r^  stands  at  ^    more  or  leas  before  the 
^30  2 


_  I  t   _  i 
30  5        3r 


But  I  diffi 


lie  er^^ 


by  which  it  changes  at  most  from  — 

in  distance  acquires  much  importance,  when  strong  glasses  are  in 

question;  for  example, glasses  of —  -,  which  may  then  act  as glanei 

^^  ~  2rb^^~  3'  Therefore,  io  the  manner  above  pointed  out,  use  can 

be  made  for  strong  glasses  of  the  difference  in  distinctness  by  differ- 
ence  in  distance,  in  order  quickly  to  find  the  glass  required,  and 
therefore,  where  high  degrees  are  concerned,  in  tlie  determination  of 

i5tron(j  modifying  be  desired,  with  ft  weak  objecl-lens  in  the  inverted  image 
and  with  the  reqiiiiiite  glasses  in  thtj  unreversed,  or  employ  the  method  of 
Liebreich  (Compajo  p.  367). 
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M,  the  distance  required  for  the  ueutralisiug  glass  must  also  he 

[finitely  taken  into  accoaiit.     In  order  that  it  may  appear  from 

iioU*  made^  that  attention  has  been  paid  to  this  tlistance^  we  are 

istomcd  to  add  it  separately  after  a  -f ,  and  to  ratej  for  example, 

=  ^       . ,  which  signifies  that  a  glass  of  —  ^  at  ,^   from  Ic  was 
3  + 1  a       Si 

8sary  to  neutralise  the  M, 

The  strongest  concave  glasses  to  be  met  with  in  spectacle  boxes, 

of —  J.     With  these  we  can  at  moat  neutralise  M  ^  1  :  2^. 

Tow,  not  unfrequently,  still  higher  degrees  of  M  occur,  and  in  order 

determine  these,  we  must  place  —  ^  as  spectacles  before  the  eye, 

examine  what  glass  must  in  addition  be  held  in  front  of  them, 
[in   order  to   produce   complete   neutralisation.      Let  this   second 

=  —  ^,  then  both  combined  give  —  (^   +  q]=  —  l:r2; 

land  to  this  we  have  still  to  add  the  distance  a<irom  the  strongest  glass 

I  to  k*  so  that,  with  jr  =    j  M  is,  in  the  case  supposed  =  1  : 1'7. 

M  occurs   in   the  most  different  degrees  from  E  to  M  =^  -^.1 

probably  still  higher.  The  highest  degrees  are,  however,  the  rarest. 
For  many  thousand  eyes  of  myopic  patients  who  have  consulted  me, 
the  degree  of  M  Inis  been  noted.  The  following  table  thence  calcu- 
lated for  one  thoiiijand  eyes,  gives  a  synoptical  view  of  the  relative 
occurrences  of  the  different  degrees. 

*  If  great  accuTiLcy  is  desired,  we  mast,  la  the  oaloolaUon,  also  take  into 
a4XK>unt  the  diatanct!  between  the  two  glasses,  and  reckon,  for  examples  ^  ^, 
placed  at  1*  before  —  J,  only  as  1 :  \i\^  We  may  then  further,  with  sufficient 
precision,  itieafiure  the  distance  to  k\  that  ib  jt,  irom  the  middle  of  the  masB 
of  the  bioonoave  ^lasa  —  ^. 
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At  firsti  to  b^in  widi  the 
degrees,  for  each  ^  M  less,  the  na 
ber  of  cases  increases.  That  the 
crease  sabseqaently  becomes  alowa 
and  finally  even  gives  pUce  to 
nation,  depends  solely  upon  the  J 
that  comparatively  few  of  those  afle« 
with  the  slight  d^rees  apply  to 
oculist.  Nevertheless,  I  have  endea^ 
voured,  in  connexion  with  other  ob- 
servations, appraximaiiveljf  to  expic 
the  relative  occurrence  of  E  and 
the  different  degrees  of  M  and 
among  the  Dutch  population  in  j 
ral  (Pig.  125).  Along  the  fig 
are  given,  from  1  :  x  ,  above,  the  do 
grees  of  M  to  M  ^  1 : 1'3,  and  be- 
neath  those  of  H  to  H  ^  1 :  SiJ,  being 
the  highest  degrees  observed  by  inc. 
The  lengths  of  the  transverse  hna 
correspond  to  the  frequency  of  occor- 
rence  in  the  adjoining  degrees,  wit^ 
this  exception,  however,  that  the  Ha 

a  and  a*  next  to  —  must  be  snpp 

to  be  ten  times  longer.     Since,  the 
fore,    the    mutual    distance    of 

lines  represents  ^  the  length  (multi- 
plied by  ten)  of  the  first  line  above  1  :  ao ,  being  the  line  «,  rcpm- 
sents   the   number  of  cases  from   E   to   M  ^==  q-,   the    (simple) 

length  of  the  second  line  the  number  of  cases  between  M  ^  ^ 

and   M  =:    -^^    the   length   of    the    third    line    the    cases     from 

M  ^  7-c,  to  M  ^  rr.^i  elc- — Of  etiual    degrees  of  II,  the 
rence  is  expressed  by  the  lines  following  under  1 :  oo  {a'  being  i 


DeSTMOftlKB 

NmnW 

OICUM 

in  1000. 

ie;24=  lili 

3 

15:24=1:11 

4 

U;24==l:l} 

3 

13:24  =  1:1J1 

a 

12  :  24  =  1  :  2 

13 

11:24  =  1:2^ 

to 

10:24=1:2J 

24 

9 :  24  =  I  :  21 

47 

8  :  24  =  I  :  3 

49 

7:24=l:3f  . 

68 

6 :  24  s^  1:4 

83 

5:24  =  1:4} 

110 

4;24=l:6     i 

149 

3:24=1:8 

171 

2  :  24  =  1 :  12  . 

16& 

1  :  24  =  1  :  24  \ 

. 

85 

0  :  24  =  1  :  »    J 

' 
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these  are  reduced  to  200  against  1800,  when  we  take  M  and  H  i 

-—  under  the  E, 
4o 

On  the  distrihutioD  of  M,  positiou  in  soriety  has  a  great  influj 
It  is  remarkable  how  much  in  the  registers  of  my  private 
(the  more  wealthy)  the  M, — in  those  of  my  hospital  patients,  on 
contrary,  the  H  predominates.     To  be  correct,  I   mnst  say, 
among  those  in  easy  circumstances  not  much  le^  H,  but  much 
M  occurs.     That,  moreover,  the  inhabitants  of  towns  suffer  more 
M  than  those  of  the  country  is  a  matter  of  general  ol 
Ware*,  upwards  of  50   years  ago,  directed   his  attentioii  to 
fact. 

"  I  have  inquired,"  he  says,  '^  for  instance,  of  the  surgeons  of 
three  regiments  of  Foot-Guards,  which  consist  of  nearly  10,000 
and  the  reault  has  been  that  myopia  among  the  privates  is  almat 
utterly  unknown-     Not  half-a-dozen  men  have  been  discharged,  nor 
have  a  dozen  recruits  been  rejected,  on  account  of  this  inn>erfectio«, 
in  the  spnce  of  nearly  20  years/'     In  the  Military  School  at  Chelsm, 
among  1300  chihlren,  no  complaint  was  madej  tliree  only  experieiwed 
some  inconvenience.     On  the  contrary,  in  the  colleges  of  Oxford 
and  Cambridge  a  considerable  proportion  of  myopes  was   met  with, 
in  one  college  at  Oxford,  32  out  of  127.    In  alt  writers  on  the  subject 
we  find  the  same  thing  stated.t  I  must,  however,  rem*irk,  that  in  the 
country  and  amongst  the  least  civilized  ranks,  even  the  highest  degrws 
of  M  are  exceptionally  observed  in  particular  families,  and  I  will  here 
add,  that  even  among  sailors,  who  never  strain  their  eyes  in  looking 
at  near  objects,  I  found  a  [ew  cases  of  progressive  M. 

Further,  I  bebevc  that  M  is  not  eqtuiliy  prevalent  in  all  couiitrie5. 
It  is  certainly  more  specially  proper  to  cultivated  nations*  Funiarij 
tells  us  that  among  the  Kahyles  no  myopes  occur,  and  among  the 
States  of  Eiirope  visited  by  me,  I,  both  in  general  life  and  in  the 
cliniques,  nowhere  met  with  relatively  so  many  myopes  as  in 
Germany.  It  would  be  of  great  importance,  to  po^ess  accuratr 
statistics  of  the  ametropia  occurring,  at  a  given  time,  in  a  particular 

•  Ob9erraHam  reUiiwe  to  near  and  disiant  sighU  of  different  perwim^  j 
Head  before  the  Eojal  Sooiety,  IB12* 

t  Coaf.  Szokftlski,  Prater  Vierteljahrschrtft^  B.  xvii. ;  voa  Httjaner, . 
Vortra^e  iteher  Auffenhcilkund^.     Prag.  1860,  1,  p.  36. 

I  Annahn  d' OeuHgtique^  T.  X.,  p.  145. 


r 


INFLUENCE  OP  SOCIAL  POSITION. 


343 


itegory  of  men,  especiallj^  for  example,  among  the  students  of  a 
piversity,  in  order  to  be  able  to  compare  them  with  the  results  of 
speated  investigations  at  subsequent  periods.  If  it  were  thoa 
aund— and  I  can  scarcely  doubt  that  it  would  be  so, — that  the  M 

I  progressive  in  cultivated  society,  this  would  be  a  very  serious 
heaomenon,  and  we  should  earnestly  think  of  melius  of  arresting  this 
rogressioTi*     Not  only  is  the  myope  not  in  a  eonclition  to  diseharge 

II  civil  duties,  not  only  is  be  limited  in  the  choice  of  his  position  in 
ociety,  but  in  the  higher  degrees  M  leads  to  disturbance  of  the 

wer  of  vii*ion,  aod  threatens  it^  subjeet  with  incurable  blindness. 
The  distrihution  of  M,  chiefly  in  tlie  cultivated  ranks,  points 
irectly  to  its  principal  cause  :  tension  of  the  eyes  for  near  objects, 
lespecting  this  fact  there  can  be  no  doubt*     But  the  explanation 
Elf  it  is  not  so  evident-     In  tension   of  accommodation  for  near 
nbjects  the  crystalline  lens,  as  we  are  aware,  becomes  more  con  vex  jB] 
^ow  if  myopia  also  depended  on  greater  convexity  of  the  crystalline 
ms,  it  might  be  considered  as  the  permanent  residt  of  a  frequently 
epeatexl  state.^  and  the  M  would  thus  be  explained.     But  the  M  de- 
tends  upon  a  prolongation  of  the  visual  axis,  and  this  is  not  altered 
n  accommodation  for  near  objects.     How  then  is  this  prolongation 
to  be  cxplnined?     Three  factors  may  here  come  under  observation  : 
1%  pressure  of  the  muscles  on  the  eyeball  in  strong  convergence  of 
the  visual  axes ;  %^,  increased  pressure  of  the  Ouids,  residting  from 
accumulation  of  blood  in  the  eyes  in  the  stooping  position ;  3^,  con- 
gestive processes  in  the  fundus  oculi,  whicb,  leading  to  softening, 
even  in  the  normnl,  but  still  more  under  the  increased  pressure  of 
the  tiuids  of  the  eye,  give  rise  to  extension  of  the  membranes.     That 
in  iucrt*ased  pressure  the  extension  occurs  principally  at  the  posterior 
pole,  is  explained  by  the  want  of  support  from  the  muscles  of  the 
eye  at  that  part.    With  the  imperfect  elasticity  of  fibrous  memhrsines 
.we  understand,  moreover,  that  of  each  in  it?elf  imperce]>tible  exten- 
Inon  above  the  normal  limits  a  minimum  each  time  remains.     Now 
in  connexion  with  the  causes  mentioned,  the  injurions elTect  of  fine 
work  is,  by  imperfect  illumination,  still  more  increased  :  for  thus  it  is 
bcendered  necessary  that  the  work  be  brought  closer  to  the  eyes,  and 
tbat  consequently  the  convergence  be  stronger,  and  the  tendency  to 
the  stoopiTig  position  of  the  bead,  particularly  in  reading  and  writing, 
is  also  increased.    To  this  it  is  to   be   ascribed,  that  in  schools, 
pecially    in    boarding-schools,   where,    by    bad    light  the   pupils 
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read  bad  print  in  the  evening,  or  write  with  pale  ink,  the  founda 
of  M   is  mainly  liiiJ,  which,  in  fact,  is  usually  developed  di 
?  years.     On  the  contrary,  in  watchmakers,  although  they  ait 
whole  day  with  a  magnifying-glass  in  one  eye,  we  observe  no  de?*d( 
ment  of  M,  undoubtedly  because  they  fix  their  work  only  with  01 
eye,  and  therefore  converge  but  little,  and  because  they  UBuaOj 
a  very  stooping  position. 

The  same  causes,  which  give  rise  to  M,  are  still  more  favourable  to 
lis  fiirther  development.  I  liave  always,  with  great  care,  watched  ti 
course  of  myopia,  1  attach  to  it  a  special  importance.  The  wd 
known  &ct  that  myopes,  with  little  light,  can  recognise  small  ob- 
jects, and  especially  the  circumstance  that  at  an  advanced  period  of 
life,  they  need  no  glasses  to  enable  them  to  see  near  objecti, 
procured  almost  general  acceptance  for  the  prejudice,  that  near- 
sighted eyes  are  to  be  considered  as  particularly  strong-  Many 
medical  men  even  participate  in  this  error.  But  the  oculist  has  only 
too  often  been  convinced  by  sad  experience,  of  the  contrary.  I  have 
no  hesitation  in  saying,  that  a  near-sighted  eye  is  not  a  soiind 
In  it  there  exists  more  than  a  simple  anomaly  of  refraction. 
optical  characteristic  of  myopia  may  consist  in  this,  the  anatomical 
is  a  prolongjition  of  the  visual  axis,  and  the  latter  depends  u] 
morbid  extension  of  the  membranes.  If  this  extension  has  att 
to  a  certain  degree,  the  membranes  are  so  attenuated,  and  the 
sistance  is  so  diminished,  that  the  extension  cannot  remain  stationj 
the  less  so,  because  in  the  myopic  eye  the  pressure  of  the  fluids 
usually  increased.  In  this  progressive  extension  progressive  myo] 
is  included,  which  is  a  true  disease  of  the  eye. 

From  wliat  has  here  been  said,  it  will  easily  be  understood, 
high  degrees  of  myopia  are  less  likely  to  remain  stationary 
slight  degrees  are ;  at  a  more  advanced  time  of  hfe  they  even  coi 
tinue  to  be  developed,  with  increasing  atrophy  of  the  membrani 
In  youth  almost  every  myopia  is  progressive ;  the  increase  is  then 
often  combined  with  symptoms  of  irritation.  This  is  the  critical 
period  for  the  myopic  eye  :  if  the  myopia  does  not  increase  too  much, 
it  may  become  stationary,  and  may  even  decrease  in  advanced  age ; 
if  it  is  developetl  in  a  high  degree,  it  is  subsequently  difficult  to  set 
bounds  to  it.  At  this  period,  therefore,  the  above-mentioned  pro- 
moting causes  should  be  especially  avoided.  On  this  point  I  cannot 
lay  sufficient  stress.     Every  progressive  myopia  is  threatening  wit 
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Rpect  to  the  future.   If  it  continues  progreFsive,  the  eye  will  soon^ 
ith  tToublesome  symptoiDs,  bceome 


iihle.  and  not  unfre- 


aeutly  at  the  age  of  50  or  60,  if  not  much  earlier,  the  power  of 

ion  is  irrevocably  lost,  whether  through  separation  of  tlie  retina 

the  choroid,  from  effusion  of  blood,  or  from  tatrophy  and  de- 

cneration  of  the  yellow  spot.     In  a  subsequent  section  1  shall  have 

treat  of  the^e  sad  results  of  M. 

The  number  of  myopes  most  accurately  examined  by  me,  amounta  to 
lore  than  2500.  Each  time  the  degree  of  the  myopia  was  accurately 
etermiued  and  noted,  if  after  mouths  or  years  the  myope  consulted 
lie  again,  the  determination  was  repeated.  I  thus  came  to  tlie  con- 
ictioD,  that  almost  always  the  myopia  is  somewhat  progressive,  that 
lich  is  the  rule  between  the  15th  and  251h  years,  and  that  the 
dghest  degrees  often  exhibit  the  greatest  increase.  I  have  never  in 
the  periods  of  youth  or  manhood  proved  diminution  of  the  myopia, 

Ecept  in  the  rare  cases  in  wbicli  spasm  of  the  accommodating  sys- 
ra  had  temporarily  increiised  it,  and  wliere,  therefore,  anomaly,  not 
simply  of  refraction,  but  also  of  accommodatiou  was  present.  Even  at 
a  more  advanced  time  of  life  diminution  of  the  degree  of  the  myopia 
seldom  occurs.  Undoubtedly  iu  tlie  near-sighted  eye  the  dioptric 
system  undergoes  the  same  change  as  in  the  normal  (compare  204) ; 
Hbut  when  at  the  same  time  the  visual  axis  increases  in  length,  as  is 
^^ery  usual  in  near-sighted  eyes,  this  change  is  wholly  or  partially 
compensated,  and  the  myopia  may  even  continue  progressive  at  an 
advanced  time  of  life* — All  this  is  the  result  of  ilirect  experience, 
which,  however,  with  respect  to  the  same  persons,  extends  only  over 
some  few  years*  In  order,  therefore,  to  get  a  satisfactory  idea  of 
the  course  of  the  myopia  through  the  whole  of  life,  the  recorded  ex- 
perience of  many  patients  TUiist  be  made  use  of.  I  have  attached 
especial  importance  to  this  when,  by  the  production  of  such  spec- 
tacles as  were  formerly  found  sufficient  for  distant  \isiou,  their  report 
was  confirmed,     llie  test  has  in  such  cases  not  failed. 

When  in  this  manner  the  ordinary  course  of  the  farthest  point, 
that  is  the  degree  of  the  myopia  through  all  periods  of  life,  had  been 
ascertained,  it  was  not  diRicult  to  infer  the  course  of  the  nearest 
point,  a5  has  been  done  in  Figs.  125, 120,  and  127.  For  (his  it  was 
onlv  necessary  to  know  the  range  of  accommodation  proper  to  each 
time  of  life.  With  respect  to  this,  I  have  arrived  at  the  conclusion, 
that  in  myopes  it  is  about  equal  to  that  of  normal  eyes.     In  very 
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high  degrees  only  it  is  le^s;  and  here  the  whole  eye,  paiticolirlf] 
tlie  anterior  part,  the  m,  ciliaris  included,  is  extended,  which  may  hi 
not^  as  a  sufficient  c^use  thereof. 

These  observations  arc  illustrated  in  the  sketches  of  Figs.  12ft,12I,J 
and  1&8,  the  meaning  of  which,  after  what  has  been  said 
Fig.  104,  needs  no  further  explanation.  They  represent  three  cateJ 
gorier  of  myopia,  in  its  course  of  development,  as  it  mostly  ofcars.! 
Fig.  126  is  a  aMionary,  Fig.  1517  a  temporarily  pro^e»slrt?.  Fig.  12 
a  perwanentijf  prtjf/rf'^iflve  myopia.  The  course  of  the  myopia  ii 
shown  by  the  hue  r  r,  which  represents  the  fiirthest  point,  wiA 
parallel  visual  lines.  The  range  of  accommodation,  proper  to  eadi 
time  of  life,  is  expressed  by  the  distance  between  r  r  and  p  p,  1 
ma^t  allow  mys^elf  to  make  some  observations  respecting  each  rf 
these  categories. 

Fig.  1^6  is  enlled  atationarif  myopia*     Yet  we  see  the  myopiij 


Fig.  126. 
10  15  20   25  30    35    40  45  50    55  60   m  70    75    80 


/  2 

n 
n 

a 

4 
41 

6 
% 
12 
24 


—1:24 


— 1 

K 

"> 

V 

\ 

Vj 

N 

^ 

\ 

s^ 

N 

s^ 

s 

s, 

^ 

^ 

E- 



_ 

■^ 

e^- 

Ka 

> 

ascend  from  ^.  to  -p^. 

5J4»         io 


As  I  have  above  remarked,  such  ascent  isj 

in  the  ye>ars  of  development,  to  be  considered  as  the  nile.  Conse- 
quently if  the  ascent  be  not  more  remarkable,  the  myopia  majj 
in   contrast  to  the   progressive,   be   called   stationar)\     In   g< 


^ 
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For  this  reasoDj  a 
However,  on  the  one 

indj  an  origfuftlly  high  degree  of  myopia  may  continue  stationary^ 
id,  on  the  other,  the  slightest  degree  may  become  permanently 
ive,  and  thus,  finally,  attain  a  very  considerable  height.  ITiis 
we  observe  especially,  when  in  the  parents  or  other  members  of 
family,  a  higli  degree  of  myopia  occurs,  wliile,  moreover,  the 
mode  of  life,  especially  stooping  and  strong  convergence  of  the 
visual  hoes,  promote  its  further  development.  In  the  most  favour- 
able course  of  the  myopia  (Fig.  126),  it  remains  quite  sUitionary 
during  the  period  of  manhood,  and  may,  on  the  approach  of 
old  age,  even  diminish  a  little,  as  the  figure  shows.  This,  how- 
ever, seems  to  occur  but  very  rarely.  The  generally  received 
opinion,  that  with  the  increase  of  years  the  degree  of  myopia  usually 
diminishes,  is  an  error,  based  partly  upon  the  incorrect  idea,  that  the 
degree  of  the  myopia  is  determined  by  the  nearest  point,  partly  on 
the  incontestable  fact,  tliat  vision  at  a  great  distance  gradually  becomes 
more  distinct,  which  is*,  however,  to  be  attributed  nither  to  the  in- 
creasing constriction  of  the  pupil. 

lih,^  iemporarif'^ progressive  mjQ'^idk  is  represented  in  Fig.   127. 


Figc.  127, 
10   15   20    25  30   S5  40   45    50    55    GO    65 


75  80 


n 

2| 

3 

3| 

4 

n  , 

6 
8 

12 
24 

V«  1 

V 

C, 

^ 

sj 

\ 

\ 

— 

\ 

\ 

•v 

^ 

^ 

- 

^^ 

^^ 

■^™ 

— 

^= 

^ 

y 

T 

F- 

;24 

I 


I 

I 


9M  ^^^"^  MYOPIA. 

In  tins  case  the  progressioD  lieai  mostlj  between  the  12Ui  and  25*)^ 
jttfA.  It  id  fortiinmte  vben  the  mjopia  becomes  slatioittrf  it  le  - 
before  the  30tb  year.     In  Fig  127  it  ascends  from  the  ISth  to  ik 

35th  year  from  1  to  ^ ;  from  the  18th  to  the  ££nd  year  the  ascent 
H       o 

is   the  most  rapid*     After   that  it  here  becomes   stationjury.     But, 

in  fact»  it  is  only  exceptionally  that,  after  having  once  attained  tbi* 

degree,  it  becomes  perfectly  stationary.      High  degrees  of  near- 

sightedneas  appear  never  to  be  congenital,  unless  we   would  refet 

congenital  bnphthahnos  to  that  head,    I  cannot  even  decide  whether, 

when  the  nearsightedness  is  hereditary,  it  is  also  in  a  certain  degree  1 

congenital.     I  scarcelv  believe  it  is.     I  have  too  often   seen  hewy ! 

dittfy  myopia  which,  in  the  12th  or  15th  year  was  present  in  a  vcryj 

slight  degree,  for  example  j^,  subsequently  become  rapidly  develi 

to  a  high  degree  of  ~   or  . ,  to  think  it  impossible,  that  in  the  first 

years  of  life  it  was  not  almost  wholly  absent.  On  the  other  hand, 
I  have  extremely  rardy  seen  near-sightedness  arise  after  the  15th 
and  never  after  the  20th  year  in  eyes,  which  were  previously  normal. 
It  is  true  it  is  often  suppos^ed  by  the  patients  that  such  is  the  case, 
bnt  this  is  only  because  the  primitive  slight  degree  of  myopia  was 
overlooked.  In  this  primitive  degree,  trifling  as  it  was,  lay  the 
germ  of  the  affection;  the  complaints  of  various  kinds  are  not 
made  until  the  myopia  becomes  progressive.  The  myopia  is  most 
progressive  when  even  in  the  15th  year  it  was  rather  considerably 

for  example  =  ^,  as  is  assumed  in  Fig.  127.  The  course  represented 

in  Fig.  127,  is  therefore  still  to  be  considered  comparatively  favour- 
able. It  now  seldom  becomes  in  manhood  completely  stationary ; 
still  more  rarely  does  it  diminish  in  advanced  old  age.  Often  it 
continues  to  increase,  at  least  in  some  degree,  and  thus  approaches 
to  the 

Pennanentl^  proffre^sire  myopia,  represented  in  Fig.  128.  la 
the  majority  of  cases  belonging  to  this  categon*,  the  myopia  is  con- 
siderable even  at  the  age  of  1 5  years.     Therefore  it  is  here  assumed 

=  |.     It  ascends  moat  rapidly  to  the  25th,  indeed  even  to  the 

85th  year,  more  slowly  at  a  more  advanced  period,  incessantly,  aa 

it  appears,  but  still  often  in  jumps.  The  Une  r  r  gives  a  view  of 
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It  may  ascend  to  i  and  more.     The  worst  is  then  to  be  feared.     It 

Fi^.  128. 
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is  rare  at  CO  years  of  age  to  fiiMl  a  tolerably  osefnl  eye,  with  myopia 
of  1  :  24  or  even  of  1  :  3.  Diminution  of  such  degrees  of  myopia  at 
an  advanced  time  of  life,  is  not  to  be  thought  of:  the  influence 
of  the  increasing  distention  of  the  eye  in  the  direction  of  the  visual 
axis,  is  never  overcome,  and  is  even  not  compensated  by  the  dimi- 
uishing  refraction  of  the  lens. 

From  the  progression  of  the  M  it  follows,  that  the  higher  degrees 
occur  proportionately  most  frequently  at  a  more  advanced  time  of 
Mfe.  How  far  very  yonjig  children  are  afl'ectetl  by  it,  has  not  been 
accurately  investigated.  A  commencement  in  this  direction  was 
made  by  Ed.  v,  Jaeger,  who  has  also  stated  his  intention  of  follow- 
ing the  course  of  the  refraction  in  the  same  persons  through  their 
whole  life.  We  iJiish  him  for  that  purpose  a  long  life  and  faithful 
patients*  He  should,  however,  not  have  neglected  the  value  of  the 
method,  followed  by  me,  of  throwing  some  hght  on  this  subject. 

If  the  above- mentioned  causes  are  capable  of  giving  rise  to  M  and 
of  further  developing  it,  the  predisposition  thereto  is  verj  difl^erent. 
I  have  already  stated  that  I  have  never  seen  an  hypermctropically 
constructed  eye  become  near-sighted.  Even  on  many  emmetropic 
eyes,  simple  tension  of  accommodatioii  for  near  objects  has  but  Httle 
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effect.  In  fact  the  prediaposition  is  almost  iuvariablj  congeuital, 
»i)d  in  that  case  it  is,  moreover,  nearly  always  hereditary*  Beer, 
Jiingkcn^  JJuhm^  vun  llasiier,  and  many  others,  have  referred  toil 
liuruditiiry  imturc;  I  believe,  even,  that  from  time  immemorial 
eonvietioo  thereof  hus  been  general  among  the  people.  At  least, 
present  the  patienls  are  aecustoined  at  once  to  state,  that  their  father  ot 
niother  was  near-sighted,  and  that  the  same  condition  was  fouiul 
among  brothers  and  sisters.  I  cannot,  with  auy  accuracy,  give  the  pro- 
portion in  which  hereditar)'  cases  occur ;  but  this  I  may  say,  that  where 
I  found  near-sightedness  in  one  or  more  of  the  children,  and  had  &q 
opportunity  of  examioing  both  parents,  I  only  exceptionally  saw  M 
wholly  wanting  in  both^while,on  the  other  hand,  when  one  and  equally 
wiirn  both  parents  were  myopic,  the  predisposition  almost  always 
passed  on,  at  least  to  some  of  the  children,  perhaps  more  specially 
to  the  younger  (v.  Artha).  Experience  shows  further,  that  wh 
ouU  ji  in\cii  of  M  is  present  in  youth,  it  inevitably  becomes  furtlii 
develupeil,  and  tliat  the  greatest  care  leads  to  nothing  more 
limitntion  of  the  degree.  In  statements  of  its  diminution  in  yoatli, 
i  have  never  met  with  accurate  determinations  of  the  degree  of  M, 
and  we  know  how  lightly  assertions  are  in  general  made  as  to  the 
increase  and  diminution  of  M.  A  consideration  of  all  these  fecU 
Icadjs  us  to  the  conclusion,  (hat  fundamentally  emmetropic  eyes  seldom, 
fand;unentally  hypermetropic  eyes  perhaps  never,  become  myopic; 
but  that,  having  once  occurred,  the  M  is  often  transmitted  as  pre^ 
dispo!!*ition  to  posterity,  and  under  fresh  exciting  causes  is  developed 
to  its  higher  degrees.  Thus  the  hereditar}^  principle  accumulates  t 
the  posterity  the  effect  of  the  causes  repeated  in  even^  generafcio] 
In  some  families  the  M  therefore  has  attained  a  high  degree,  and 
danger  is  the  grejiter,  because,  according  to  experience,  the  heredii 
tendency  manifests  itself  the  more  certaiidy,  the  more  the  myopia  faa»^ 
already  been  transmitted  through  a  number  of  generations,  and  has 
assumed  a  typical  character. 
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^^fe  A.  double  distinction  has  b«en  mftde  in  M,  in  which  I  caimot  agree.    Two 

l^'^  olaa»e»  have  been  formed  with  respeot  to  the  decree  and  to  the  ooogoitital  or 

[  non-congenital  nature  of  the  aflbotion.      As  to  the  degree,  aince  obaervcrs 

^K  bad  based  their  idea  of  H  upon  the  fact,  that  in  it  acute  viBion  ooold  exiiit 

^^m  only  doee  to  the  eye^  they  were  puxzled  by  tboee  oates  in  which  there  wia 

^^  distiuot  ri^on  at  a  distance  of  2^  3,  and  4  feet,  and  nevertheless  at  the  dis* 

I  iauQv  of  from  1 A  to  20  feet  letters  of  tbe  magnitude  of  an  inch  oonld  no 

B  loBfer  be  eaaiiy  diatingtiished.    Xbey  did  not  perodre  thai  in  sucli 
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ta  do  with  slight  degrees  of  myopia,  wilh  degrees  of 

m  whiob  tho  farthest  point  lay  at  about  2 1»  36,  or  48  ioohes  from  thtj  eye. 
At  the  disitanoe  of  15  feet  the  cirokb  of  diffudioEi  are  then  already  pretty 
considerable,  at  least  when  the  pupil  is  tolerably  wide. 

The  oonfusion  produced  by  an  incorreot  oompreheiisioii  of  these  cases  is 
inoredihly  great.  Dr.  Eemt  met  amoni;  the  youtig  men  who  presented 
tiiemselyes  as  pupiU  at  the  sehool  of  military  surgery  at  Utreoht,  some  who 
easily  read  ordinary  print  at  the  diataooe  of  from  1  o  to  20  inches^  and  never- 
Helena  at  the  distance  of  from  12  W  20  feet  could  not  di^^tlnguish  letters  of 
tli<»  sixe  of  3  or  4  inches.  He  wrote  on  the  subjeet  to  Cunier,  and  oonoluded 
by  asking,  whether  this  eoiidition  was  not  a  sort  of  myopia,  although  no 
mention  wa^i  made  of  it  in  the  various  works  on  diseases  of  the  eye,  under 
the  head  of  myopia*  Cuoier  eommunicuted  tins  letter  to  Siehtd  {L»fim9 
elmiqutfs  Mur  leu  lunettes^  ete.  JJruxelles,  1848,  p.  99),  and  the  latter  most 
properly  an8W*ered  Dr.  Kerafs  question  in  the  a^rmative.  However,  as  it 
appears  from  the  lengthy  reasoning  of  the  writer,  it  was  not  clear  to  8iohel 
that  in  such  iui^tances  we  have  to  do  simply  with  a  degreo  of  myopia,  in 
whioh  the  farthest  point  of  distinct  vision  lies  at  from  15  to  20  iuehes. 

Some  years  later  Frunmuller  treats,  in  rtsferenee  to  this  point,  of  "a  va- 
riety of  short-sightedness/*  and  gives  to  it  the  name  of  *^mt/opm  tit  a  tHntttnce,** 
($iohel  and  Kerst,  he  says,  lirst  drew  attention  to  it  However,  Froum idler 
^ebittl^%\39*jhiM>hlumjt'n  uuf  dfin  iivhinte  lier  Au*/t'Hhtilkuttfh,  Farth,  1850, 
p.  54),  aa  an  example  of  his  myopia  at  a  distance,  a  ease  of  hypermctropia — as 
appears  from  the  ciroumstauoe,  tliat  with  a  convex  glass  distant  vision  waa 
I  distinct  and  easy,  while  concave  glass<'s  made  vision  at  any  distance  more 
indistinct.  Fronmiiller  has,  therefore,  confounded  a  moderate  degree  of 
hypermetropin,  wilh  whioh  ordinary  print  could  still  be  read  at  a  diutance  of 
10*  (as  is  not  unusual),  with  the  cases  of  slight  myopia,  to  whioh  Ker^t  had 
directed  attention,  and  has  given  it  the  name  of  myopia  at  a  dUtanee, 
KeverthelosSi  even  Ker&t  himself  subaequontly  applied  the  name  of  **  myopia 
at  a  disftanoe"  to  slight  degrees  of  myopia. 

Finally »  von  Graefe  { Archie/,  Ophthalmnh^ia,  B.  ii.  Ahth.  1,  p,  168),  not 
knowing  at  the  time,  as  he  acknowledges,  where  and  by  whom  the  name  of 
M  at  a  distanoe  was  introduoed  into  scieneei  makes  a  rational  use  of  it  to 
characterise  those  oases  in  whioh,  with  reference  to  the  deffr«€  of  mtfupittf  ^/mt 
di^fiofftmhinff  of  remade  objects  is  V€*rif  defective.  He  investigated  and  ana- 
lysed a  case  of  the  kind  with  great  accuracy,  whence  it  appears  that  this 
oondition  may  depend  on  an  involuntary  action  of  the  muscles  of  accommo- 
dation, whioh  is  spasmodically  combined  with  every  effort  to  see  farther  than 
the  naturally  farthest  point. 

Sttoh  cases,  however,  are  certainly  of  extremely  rare  occurrence.  Among 
more  than  a  thousand  myopes  I  have  not  met  with  a  single  instance  of  the 
kind.  The  too  great  indistinctness  of  remote  objects,  with  reference  to  the 
degree  of  myopia,  was  always  to  be  explained  by  a  more  than  ordinary 
ai^e  of  the  pupiL  This  does  not  prevent  vision  being  perfectly  acute  at  tho 
diatanoe  for  which  the  eye  is  aecommodated  j  htit  on  account  of  the  magni- 
tude of  the  oircles  of  dikm»ion  inoi-easing  with  the  diameter  of  the  pupil, 
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it  makes  the  obaenration  bejond  the  boundaries  of  aooommodatioii  YfTfk 
perfect  In  this,  too,  aa  we  have  aeen,  liea  one  of  the  oaQaes,  why  many  \ 
that  with  the  advanoe  of  years  their  myopia  has  diiniaiahed,  even  wheat 
not  the  case :  their  pupil  has  become  smaller,  and  they  consequently  see  i 
at  a  distanoe.  If  we  cause  the  soHSalled  myopes  at  a  distance  to  look  thron 
opening  with  a  diameter  of  6  mm.,  the  disproportion  has  disappeared. 
us  beware,  therefore,  of  explaining  every  disproportion  between  the  degree « 
myopia  and  the  observation  at  a  distance,  by  spasm  of  the  musolea  of  i 
modation.  The  aize  of  the  pupil  will  almost  always  aocount  for  it.  Tben^l 
fore,  too,  in  my  opinion,  the  term  myopia  at  a  distance,  which  has  alfcadj^ 
given  rise  to  so  much  confusion,  may  verj'  well  be  dispensed  with  in  science. 

Neither  iLto  alight  degrees  of  myopia,  which  are  as  well  defined  by  «  as  tlie 

high,  nor  hypermetropia,  which  is  the  opposite  of  myopia,  deserve  this  nanui, 
and  the  rare  form  of  disease,  distinguished  by  von  Graefe,  might  be  denoted 
as  S})asm  of  the  muscles  of  accommodation,  produced  by  an  effort  at  relaxation. 

With  respect,  in  the  second  place,  to  the  origin  of  M,  I  have  above  stated 
tlie  result  of  my  experience.  It  amounts  to  this,  that  M  is  almost  alwayi 
hereditary,  and  is  then  further,  at  least  as  predisposition ^  oongenital ;  bat 
that  it  is  also,  exceptionally,  without  8i>ecial  predisposition  developed  in  tho 
emmetropic  eye  as  the  result  of  excessive  tension  of  accommodation.  This 
intluenoe  of  extraordinary  accommodation  necessarily  suggested  the  idea  of 
change  of  form  of  the  lens*  Eighteen  years  ago  (Nederh  Lancrt^  1845)  mj 
argument  was  as  follows :  "  M  is  the  result  of  accommodation  for  near  objects; 
examine  what  M  j/ermahrnttt/  is,  and  you  will  know  the  change  which  the 
accommodation  each  time  excites."  By  the  discover)'  of  the  cause  of  M  in 
a  longer  visual  axis,  and  of  the  principle  of  accommodation  in  the  greater 
convexity  of  the  lens,  ray  expectation  was  disappointed.  But  I  never 
loot  sight  of  the  possibility,  that  in  myopia,  especially  in  the  acquired 
variety,  the  lens  should  be  really  more  convex.  It  would  oertainly  not 
be  strange  that,  especially  during  the  periods  of  development,  the  inflnenct 
of  much  accommodation  for  near  objects  should  permanently  affect  the 
form  of  the  lens,  and  that,  vwc  vet'fid^  want  of  this  accommodatioQ  might 
lead  to  unusual  tlatncss  of  the  lens  (compare  p.  246).  I  have^  however, 
in  no  way  been  able  to  satisfy  myself  of  this. — Moreover,  in  the  fact  that 
M,  almost  without  exception,  is  either  connected  with  a  peculiar  posterior 
atrophy,  or  at  least  before  the  fortieth  year  becomes  connected  therewith, 
lies  the  proof,  that  at  all  events  nearly  without  exception,  another  cause 
is  in  operation :  this  posterior  atrophy  i»,  namely,  connected  with  a  disten- 
tion of  the  posterior  part  of  the  eyeball,  which  distention  it  either  accom* 
panies  or  rapidly  follows.  And  in  the  rare  cases  in  which  this  posterioratrophy 
is  wanting.  I  have  mostly  found,  by  direct  measurement  with  the  ophthalmo- 
meter, a  morbidly  distended  cornea,  or  I  established  the  existence  of  morbid 
distention  of  the  anterior  part  of  the  sclerotic,  with  prolonged  visual  axis, 
so  that  finally,  no  cases  remained  in  which  I  was  obliged  to  take  refuge  in 
extraordinary  convexity  of  the  crystalline  lens.  (See  further  the  Section 
upon  the  anatomical  changes  in  M.) 

Moreover,  in  adultfl»  and  even  in  young  people,  provided  they  are  absc* 
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free  from  ^f ,  simple  tension  of  accommodation  ia  not  auffioient  to  excite 
Eiren  wearing  concave  glasses  does  not  give  rise  to  it.  Only  in  the 
ial  11  produced  by  concave  glaases,  as  well  aa  in  the  natural,  a  port  of 
H  tinally  becomes  latent^  tbat  is,  tbe  eye  aooustoms  itself  in  distant 
ion  also  to  tension  of  the  moscle  of  accommodation ;  but  that  no  or- 
le  change  of  form  of  the  lens  is  in  operation  appears  from  the  fact  that 
in,  by  paralysing  the  ciliary  muscle,  immediately  suppresses  the  apparent 
The  displacement  of  the  relative  range  of  accommodation  in  the  use 
glasses,  which  modify  the  connexion  between  convergence  and  accom- 
ion,  temporarily  gives  rise  to  some  difficulty.  This  is  true  also  evea 
itive  glasses-  Thus,  after  working  with  a  magnifying  glass,  in  which, 
ip8|  without  wholly  parallel  lines,  I  am  accustomed  to  relax  my  power  of 
modation  as  much  as  possible,  it  is  at  first  difhcult  for  me  again  satis- 
bctorily  to  accommodate  at  a  convergence,  for  which  I  otherwise  find  no  diffi- 
culty, without^  however,  the  abaolute  points/?  and  r  being  at  all  altered.  The 
tme  is  soon  perceived,  when,  holding  a  weak  prism  with  the  angle  mwards 
before  the  eye,  we  wish  to  see  singly  at  a  distance^  and  thus,  with  convergence, 
to  accommodate  for  a  distant  object.  The  opposite  is  produced  by  concave 
fUsses  or  by  a  prism  with  the  angle  turned  outwards.  Now,  it  is  eaaily  under- 
itood  that  at  least  prisms,  which  do  not  at  all  modify  the  accommodation, 
irill  exercise  no  permanent  influence  on  the  ©ry stall ine  lens,  and  the  effeet 
iof  convex  and  concave  glasses,  within  certain  limits,  coropletdy  agrees 
"with  that  of  prisms. 

All  the  foregoing  is  most  strongl}-  opposed  to  the  importance  of  the 
trystalline  lens  in  the  production  of  M.  But  although  there  was  no  argu- 
ment against  the  latter,  bo  long  as  it  did  not  appear,  from  direct  invcsti- 
:ation,  that  by  tension  for  near  objects  the  lens  permanently  acquires 
^ater  convexity,  it  seems  an  ignoring  of  the  requirements  of  science  to 
idmit  a  form  of  M  based  upon  mere  suppositioUt  and  to  oppose  thia  (writers 
have  even  given  it  the  special  name  of  pfeAhpia)  as  acquired  M,  to 
the  almost  invariably  congenital  myopic  structure  of  the  eye,  Ed.  von 
Jaeger  {L  c,  p,  28)  says :  ''  that  in  such  individuals  as  are  constantly  occu- 
pied with  tension  of  accommodation,  fewer  eyes  do  not  in  general  occur  with 
normal  length  of  axis,  tlmn  under  opp<>site  conditions,  and  that  in  those 
ulosses  of  the  population  who  are  not  usually  accustomed  to  fatigue 
;t2ieir  eyes  by  efforts  of  acoommodation,  at  least  as  many^  nay^  even  moi^e 
individuah  occur,  who,  in  consequence  of  prolongation  of  the  axis  of  the 
bulb  (Staphyloma  posticum),  are  short-sighted,  than  in  the  upper  ranks  of 
iety."  So  far  as  the  Netherknda  are  concerned,  I  can  expressly  contra- 
ict  this  assertion,  and  with  all  respect  for  the  zeal  of  observation  of  von 
aeger,  I  cannot  admit  its  truth  even  for  Austriji. 


27*  Results  of  the  Ophthalmoscopic  Intestigation  op  trb: 
Myopic  Eyk, 

Since  the  aphtbalmoscope  has  made  the  fundus  oculi  accessible  to 
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eiamiitttion  doiiiig  life,  our  idea  of  the  anatomical  baras  of  M 
undergoDe  a  complete  modification.     Ophthalmoscopic  inve 
has  shown  that,  almost  without  exception,  even  in  moderate  de 
of  M,  changes,  especially  in  the  ehorioidea,  are  to  be  observed ; 
it  has  now  fiiither  been  found,  that  these  chaDges  are  the 
sion  of  atrophy  of  the  chorioidea,  which,  combined  with  atrophy  1 
the  sclerotic,  is,  as  well  as  the  latter,  dependent  on  a  distention  | 
the  posterior  part  of  the  eyeball.     Jfyopia  and  Slaph^imaa  jmtid 
have  thoa  become  nearly  sy  nony  nious. 

Thousands  of  myopic  eyes  have  been  examined  by  me;  of  not  I 
tlian  700  do  I  possess  more  or  less  detailed  drawings  or  skct 
of  some  eyes  more  than  one,  with  an  interval  of  some  years ;  and  m* 
every  case  seat,  age,  degree  of  M,  and  in  many  instances  accommo- 
dation, movements  of  the  eye,  acuteness  of  vision,  hereditariness  ad 
accessory  disturbances  have  been  noted.  From  these  obser\> 
tk»ns,  which,  communicated  in  eHenm^  would  form  a  volume,  ihr 
following  description,  and  also  the  oonclm»ions  drawn,  are  in  gteii 
part  borrowed :  much  of  the  same  is,  however,  already  to  be  found  in 
the  wriiiugs  of  my  predecessors.  The  principal  changes  are ; 
pky  of  ike  ckofiaidea^  on  tke  mUnde  of  the  entrance  &f  ike  optic  \ 
when  highly  developed,  combined  with  ckange  of  form  of  the  i 
surface i  a  stratgktened  course  of  ike  vessels  of  tke  retina,  in 
diffuse  airopky  of  tke  ckorioidea  in  otker  places^  and  morbid  i 
in  tke  region  of  tke  geUow  spot,  I  commence  with  a  de^scriptioii 
the  changes  in  general,  and  shall  afterwards  sketch  their  deve 
ment,  in  connexion  with  the  degree  of  M  and  of  the  time  of  life.  1 

I*',  Atrcfky  of  the  ckorioidea,  principally  to  the  outride  ^1 
enk'ance  of  the  optic  nerve.  The  surface  of  the  optic  nerve  of  1 
normal  emmetropic  eye  exhibits  itself  as  a  nearly  round,  rather  strongly 
reflecting,  slightly  reddish  plane,  from  which  the  retinal  vessebj 
out ;  often  an  iiopression  is  to  be  seen  on  it.  This  plane  is  disti 
hounded  by  the  commencement  of  the  pigment  of  the  chorioidea,  to 
the  inside  of  which  we  sometimes  observe  a  thin,  w*hite,  strunglj 
reflecting  line  (the  so-called  sclerotic'bonndary  of  Liebreich),  to 
which  the  faintly-defined  nerve-snbstance  then  snc-ceeds.  To  ihk 
]»art  of  the  ftiiidus  oculi  we  usually  first  direct  the  eye.  At  tlw 
first  glance  we  recognise  in  it  with  tolerably  great  certainty  the  M 
(compare  Fig.  129),  distinguished  by  a  cre.scentic,  strongly  re- 
flecting surface  (c)  between  the  outside  of  the  nerve  (w)  and  the 
boundary   of    the   pigment   of    the  chorioidea.      That   surface  k 
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ftjrs  poor  in  pigoient.     Still  it  may,  if  it  be  slender,  when  there  is 
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normal  or  even  fliminisLeJ  fulness  of  tlie  vessels,  be  proportionately 
red,  but  the  colour  is  then  also  brighter  than  that  of  the  rest  of  the 
fondns  and  approaehes  sometiraes  to  orange ;  almost  always,  however, 
it  soon  acquires  a  whiter  shade,  on  which  at  first  the  larger  chorioideal 
vessels,  extended  in  a  horizontal  or  radiating  tUrection,  are  visibh*, 
often  even  more  distinctly  than  on  the  adjoining  jjart?  of  the  chorio- 
idea  abounding  in  pif^ment.  Between  the  straightened  vessels  the 
remaining  pigment  of  the  stroma  is  recognisable  as  oblong  brownish- 
grey  Uttle  spots.  The  chorio-capillaris  in  this  place  now  seems  no 
longer  to  carry  blood.  At  length  all  blood-carrying  vessels  may 
disappear  in  the  atrophied  place,  which  now  appears  still  grey  or 
marbled  and,  finally,  perfectly  white,  reflecting  still  more  strongly 
than  the  nerve-snrface  itself,  idtliough  the  latter  has  also  increased 
in  wluteness.  However,  even  now  sooie  darker  pigmeut-spots  (pig- 
ment-epithelium) occasionally  still  remaiiriii  the  atrophied  place,  espe- 
cially near  the  margin,  similar  to  those  in  the  neighbouring  red  tissue. 
The  atrophied  surface  passes  sometimes  ^vithout  defined  boundaries 
into  diffuse  atrophy,  and  through  this  into  normal  tissue ;  in  general 
it  is,  howt'ver,  limited  by  a  sharp,  tolerably  regidarly  curved  boundary 
line  (cirrurascribed  atrophy).  This  line  is  distinguished,  at  least 
here  and  there,  by  an  abundance  of  dark  jngraeiit,  as  usually  occurs  on 
the  boundaries  of  ruorhid  changes  of  the  chorioidea,  as  well  as  on 
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^f\»fmifi  of  llw  cnBOHcribel  gbofbjr  k  ahicMl  always  tlni 
imemt  whine  oooeive  fide  aieoppiiq  the  ooUide  of  the  nene* 
iagib0e  (ciMtteaiic  aisuphj).  In  st^bt  degm»  scaroelj  to  be 
noogniaed;  Kmetimei  onljr  locallj  throogh  m  projecting  dark  point 
(Fif(.  1^0)^  it  cxietidi  mQatljr  the  farther  uotitid  the  oenre^safasUac^i 
Iha  hfOttdcr  it  tii  that  iV,  the  longer  the  axis  {a  a  Fig,  132)  of  the 
onwoeni  ii  (compare  Fign.  130  to  132)«   On  further  development 
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•  I  append  Momo  ikotohvt  mortly  for  the  determination  of  the 
tht  ftlryphio  place.    Tho  above  figurt*B  ore  taken  from  particular  cyea. 
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VARIOUS  FORMS  OF  ATROPHV. 

lairopliy  assumes  very  different  forms.  If  the  axis  is  longer,  without 
proportionate  extension  around  the  papilla,  the  erescontic  form  passsea 
into  the  semi-elljptical,  of  which  various  modificationa  occur  (Fig, 
lSSa,i,e)i  if,  on  the  contrary,  the  atrophy  extends  more  around  the 

Inerve-surfacej  without  proportionate  prolongation  of  the  axis,  the  semi* 
knnular  form  arises  (Tig*  133),  and  further,  the  annular  (Tig.  184), 
^hich,  when  more  extended,  deserves  the  name  of  elliptical  (Pig,  136  a) 
or  circukr  (Fig.  136  i).  In  all  these  forms  the  ring  is  almost  con- 
stantly broader  on  the  outside  than  on  the  inside,  where  it  is  often 


<-?T  a 


still  slenderer  than  above  and  beneath.     Finally,  the  atrophy  may 


be  very  irregularly  bounded,  for  example,  it  may  have  an  angu- 


dss 


MYOPIA, 


larly  curved  form  (Fi^.  137),  raay  present  Tamifications  (Fig.  13S); 
ftometiines  in  the  form  of  a  leaf  of  clover  (Fig,  139),  and  may  even 
have  completely  separated  atrophic  spot^  around  it  (Fig,  140).  Thu* 
the  atrophy  attains  a  considerable  extent  of  three  or  even  six  mm,  and 
more  in  ilitferent  directions^  in  which  cases  still  other  parts  of  the 
chorioidea  are  in  various  modes  morbidly  affected. 

In   the   emmetropic   eye   the  yellow  spot   lies   to   the   oul 
of  the   nerve    (from    the    middle   of   its    surface   to    a    diat^ 
of  about  4  mm.),  almost  always,  however,   somewhat  lower.     Tl»c 
axis  of  the  atrophic  crescent  has  a  si[nilar,  but  usually  somewhat 
yet  more  descending  direction,  and  is  therefore  turned  towards  the    g 
yellow  spot,     (The  figures  129-140  are  all  drawn  with  the  imaj^H 
inverted).    Extremely  rarely,  however^  even  with  the  greatest  develo^^ 
ment  of  the  atrophy,  does  it  reach  directly  to  the  yellow  spot,  which 
removes  more  and  more  from  the  nerve-surface ;  but  it  is  very  usual, 
as  we  shall  secj  iu  high  degrees  of  atrophy,  to  find  the  yellow  spot 
independently  affected.     Deviations   from   the   direction   described 
are,  however,  on  tlie  whole^  not  uncommon ;  the  axis  may  descend 
much  more  directly  (Fig.  141)  and  even  be  directed  completely  down- 
wards (Fig.  142),  or  it  may  be  horizontal,  and  may  even  ascend  con* 
sidcrably  (Fig.  143),  but  it  is  never  directed  straight  upwards. 

In  rare  case^  the  atropklc  part  is  particularly  strongly  cJcmmM^ 
aa  may  appear  on  ita  outer  margin  from  a  certain  curvature  of  the 
retired  vessels;  in  general,  however,  the  curvature  is  coutinued  tolen- 
bly  uuilbnidy  in  the  non-atrophied  part. 

2^    Tk 
partly  appare 

the  horizontal  dimension  often  appears  comparatively  smaller.  The 
reason  of  this  is  evident :  in  the  emmetropic  eye  the  iierve-surfaee 
lies  only  a  little  to  the  inside  of  the  axis  of  the  coniea,  and  we 
therefore  look  through  the  pupil  nearly  directly  on  it ;  on  the  con- 
trary, in  the  highly*distendcd  myopic  eye  (compare  Fig,  55),  in 
whicli  the  nerve-surface  is  displaced  more  to  the  inside,  the  j- 
dicular  to  this  surface  is  directed  more  strongly  outwards,  aT 
causing  u^to  look  obliquely  on  the  nerve  through  the  pupil^  it  ap] 
shortened  in  the  horizontal  direction  (Artl).  But  besides  this  appa 
there  occurs  a  true  change  iu  form,  which  everyone  liad  indeed  s( 
but  to  which,  if  I  am  not  mistaken,  Liebreich*  was  the  first  to  dil 

•  Archie  /,  OphthahnoUHjk,  vii.  2,  124.     Atlas  d'ophthalmoseopic^ 
186,3,  p.  6« 


rudy  in  the  non-atrophied  part.  ^ 

y   nerve-surface  Aa9j  in  high  degrees  of  M,  unJergonje^^ 
ptirentf  parlh^  (me  ekauge  in  form.-^As  to  the  apparent,   ' 


CHANGES  OF  THE  YELLOW  SPOT. 


3se 


attention :  the  nerve-inrface  v^ually  has,  in  exiemive  atraph^,  the 
greateai  diameter  iti  a  direcUon  perpendicular  to  tlte  aa'in  of  the 
atrophg.  Yon  Jaeger  enileavours  to  attribute  this  also  in  great  part 
to  appearance  •  but  the  fact  is  true  (compare  the  above  figures).  To 
these^  other  changes  supervene.  In  young  mvopes  the  nerve-surf^ice 
is  particularly  red  (capillary  liypeiremia),  otherwise  it  is  not  aittTcd ; 
subsequently,  in  high  degrees^  on  the  contrary,  it  is  almost  always, 
wholly  or  partially^  strongly  reflecting,  not  unfrequently  it  is  locally 
excavated,  with  a  more  distinct  appearance  of  the  {more  superficially 
situated)  lamina  cribrosa ;  also,  perhaps,  somewhat  excavated  over  the 
whole  surface,  apparently  atrophic  and  sometimes  passing,  without 
distinct  boundaries,  into  the  strongly  retlcctiug  atrophy.  1  have  seen 
cases  in  which  a  retinal  ve^ssel  appeared  to  come  from  an  atrophied 
plaooj  which  we  were  therefore  again  inclined  to  refer  rather  to  the 
nerve-surface.^ — Of  the  true  dimensions  of  the  iierve-surfare  it  is  diffi- 
cult to  judge,  because  the  myopic  strucfcure  has  a  very  complicated 
influence  on  the  magnitude  of  the  inverted  image.  In  the  note  to 
this  section  some  further  remarks  will  be  found  upon  this  subject. 

8**,  The  retin^il  vessels^  which  are  depicted  with  incomparable 
clearness  on  the  atropine  surface,  arc  distinguished  in  high  degrees 
of  M  by  their  straight  and  little  tortuous  course;  this  is  particu- 
larly true  of  the  most  atrophied  places.  This  straightened  course  is 
evidently  the  result  of  the  extension,  which  the  retinsi  also  has  under- 
gone-*   In  the  calibre  of  the  vessels  there  is  seldom  any  great  change. 

4°.  Much  farther  than  the  strongly  reflecting  and  completely 
atrophied  part  we  find,  in  high  degrees  of  M,  proofs  of  extension 
and  aitenuaiion  of  the  cAorioldea,  both  in  the  stronger  reflexion 
and  in  the  stndgbter  course,  with  greater  mutual  distance  of  its 
vessels.  Not  unfrequently,  too,  the  stroma-pigment,  which  occupies 
the  intervascular  spaces,  is  in  these  parts  evidently  diininished,  and  the 
epithelium  of  pigment-cells  is  uneqmdly  distributed.  In  the  intervals 
the  surface  is  now  sometimes  dotted  with  yellow  or  white,  and  reflects 
strongly.  We  often  find  this  diffuse  atrophy  at  the  inside  of  the 
nerve-surface,  but  especially  at  the  ontside,  and  continuous  with  the 
complete  atrophy,  which  is  now  less  sharply  defined.  The  region  of 
the  yellow  spot  has  now  also  often  passed  into  atrophy. 

5'^.  Circ turner l//ed  ckanyes  of  the  yellow  spot  and  of  the  fovea 
centralis, — The^e  interfere  with  direct  vision,  and  deserve  all  our 
attention.  In  high  degrees  of  M  we  should  tlien^fore  never  neglect, 
after  the  iTivcstigution  of  the  nerve  and  the  parts  around  it,  also  to 
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examine  tlie  jellow  spot^  which  we  have  in  sight,  when  tlie 
eye  fixes  the  flame  reflected  by  the  mirror*     The  clmnges  arr^ 
necied  with  a  continuation  of  the  atrophy  from  the  outside  of 
optic  nerve,  or  they  exist  independently  and  separately.    They  a] 
as  scattered  irregular  granular  pigment,  lying  or  not  on  one  or  nn 
oval  or  angular  bright-red  spots,  surroujided  by  diffuse   pigmi 
or  as  some  larger  dark  groups  of  pigment  on  a  white  ground 
alternating  with  wliite  spots,  or  finally  as  one  single,  sharply-defii 
sometimes  bluish  and  elevated  spot,  which  may  attain  even  the 
nitude  of  the  ner^  e-surfoce :  this  last  form  is  probably  coraii 
with  extravasation  of  blood,  which  I  have  sometimes  seen  limited 
a  part  of  the  yellow  spot 

6°,  The  further  changes  in  the  fundus  oculi,  which,  without 
longing  to  the  essence  of  myopia,  are  apt  to  supervene  in  the  lug] 
degrees  of  M,  are  chorioiditis  didseminaia,  distinguished  by 
and  yellow  spots  of  various  sizes,  with  irregular  deposition  of  pi^ 
nient,  scattered  here  and  there;  moreover,  spots  of  extrava^ainl 
blood  in  the  retina,  whether  one  or  more  larger,  or  numerous  sinallof 
ours,  which  J  finally,  pass  over  into  pigment- spots, — and  detachment  of 
the  retina  by  blood,  and  much  more  frequently  by  exudation.  A 
movable,  grey,  slender,  but  tolerably  long  flake  also  sometimes  extendi 
from  the  nerve-surface  to  which  H  is  adherent^  into  the  vifreaushmmaur. 
Lastly,  we  sometimes  see,  in  the  highly  myopic  eye,  a  partis 
form  of  glaucoma  arise  with  the  changes  peculiar  to  the  same, 

7°*  In  the  more   fluid    vlfremis    humour^    mmmble  Jfukcs 
in  the  high  degrees  of  M,  among  the  most  ordinary  pbenomeuA. 
They  are  in  part  connected  with  the  changes  described  under  0^ 

W.  In  high  degrees  of  M  we  see  more  than  ordinarily  a  com- 
mencement of  obscuration  of  the  lens.  Where  there  is  detachment 
of  the  retina,  whether  with  or  without  secondary  iritis,  obscuration 
is  often  rapidly  developed  even  in  youth. 


Of  the  changes  just  described  the  atrophic  crescent  on  the  out* 
side  of  the  nerve- siu'fare  is  the  most  common  and  the  most  chamo* 
teristic.  This  15,  the  time  of  hfe  being  equal,  in  general  more  fullj 
developed  the  higher  the  degree  of  M  is,  and  for  equal  degrees  of 
M  it  is  more  developed  the  more  advanced  the  age  of  the  individual 
is.  The  subjoined  table  exliibits  the  length  of  the  axis  (Fig,  13i 
tf,  h)  of  the  atrophied  part,  in  relation  to  the  age  and  the  degree  ol 
M,  deduced  from  observations  on  1400  eyes. 


DEVELOPMENT  OF  ATROPHY.  361 

HOTH  OF  THJC  Axis*  of  THB  ATKOPIIIC  CitfiSCBKT  IN  MlLLIMKXttES  WII 


j^ 

"-k-i 

M=Ato^ 
12^6 

6^4 

....■ 

M  =  |.. 

hi  30 

0-1987  mm. 

04255 

0-5563 

0-7431 

1-25 

h  ^ 

0-2975 

07035 

09679 

1-350 

1-68 

Ni  80 

0-7059 

1046 

1183 

1-795 

2127 

The  table  exhibits  most  clearlj  tlie  influence  ou  tlic  eij^ent  of  the 
Dphy,  both  of  age  and  of  the  degree  of  the  myopia.  Even  when 
less  dilTerenee  in  degree  and  less  difference  in  age  the  average  of 
^  certain  number  of  cases  is  laten,  the  same  regularity  is  still  apparent, 
fevertheless  the  individual  observations  diOer  very  much,  so  that  as 
aimiun,  in  tolerably  high  degreeSj  only  traces  of  atrophy  occurred, 
ad  the  maximum  may  amonnt  to  6  mm,  and  more*  The  increase 
the  atrophy  with  age  appears  to  be  placed  beyond  all  doubt. 
dug  rato  account  that  the  degree  of  the  myopia  alsOj  at  least  in 
Dst  cases,  increases,  we  may  even  infer  that  the  atrophy  in- 
with  age  still  more  rapidly  than  the  numbers  belonging  to 
same  column  indicate.  Probably  we  approach  the  truth  by 
iDg  off  in  the  diagonal  direction,  and  thus  assuming  thatj  whcji 
be  axis  of  the  atrophy  at  twenty  years  amounts  to  0^1987  mm., 
lis  at  40  years  increases  to  0"7035,  and  at  65  to  1*183, 

After  the  simple  announcement  of  the  facts,  I  shall  now  endea- 
vour to  give  a  sketch  of  the  development  of  the  atrophy  and  of  its 
aucomitant  2>henomcna,  as  the  ophthalmoscope  reveals  them  in  the 
ayopic  eye. 

In  a  very  young  individual  atrophy  is,  in  moderate  degrees  of  M, 
rarely  to  be  observed.  Hasnerf  declares,  however,  that  he  has 
een  it  remarkably  developed  at  four  or  five  years  of  age,  and  Ed.  v. 
faeger  has,  from  the  examination  of  cliihlren  in  schools,  even  come 

The  axis  of  the  atrophic  part  was  determined  %  measuring  the  sketehea 

de  of  700  cases  of  myopia.     For  actual  magnitude  the  ncTve-aurfaoe  was 

as  a  scale,  whose  diiimeter  was  assumed  ^  1-9  mm.     In  the  annular 

ad  in  tlie  circular  atrophy,  the  extent  on  both  sides  of  the  nene-surface 

raa  assumed   as  axis.     Imperfect    and    undefined   atrophy   are  not    in- 

luded.  _ 

+  Klinische  Vortraye  uber  Aii0enheilknnde.    Prag»  1860. 
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to  the  concItLsion,  that  a  particular  form  of  atrophy,  which  soini 
ttxnes  led  him  to  recognise  one  child  as  brother  or  sister  of  the  othi 
differing  in  each  of  the  two  eyes,  may  be  hereditary.      Even  in 
nurslings   and   new-bora  infants  of  myopic  mothers,  he  saw  tk 
tendency  to  atrophy  of  the  same  form,     I  too  have  seen,  withoiit 
j)artieularly  looking  for  them,  some  cases  of  distinctly  developed 
ntrophy  at  the  ages  of  five  and  seven  years,  though  in  simple  M  the 
intervention   of  the   oculist   is    seldom   invoked    at    so    earij  an 
age.     The   rule  is,   however,   that   even  in  those,  in    whom  we 
may  subsequently  ex[)ect  a  high  degree  of  M,  during  childliood  only 
slight  trac«  of  atrophy  arc  at  most  to  be  seen*     Tliere  first  appears 
either  an  irregular,  small  projertion,  rich  in  pigment  (compare  Fij 
129),  to  the  outside  of  the  optic  nerve,  ur  a  little  crescent,  di: 
guishcd  from  the  adjoining  fundus  by  a  brighter  red  colour, 
boundary  being  somewhat  darker  at  the  outside  than  the  contiguoi 
fiindiKH.     In  the  first  case  the  atrophy  ext^^nds  directly  from 
margin  of  the  nerve-surface,  while  the  pigment,  in  a  certain  sei 
removes  outwards,  and  a  white  strongly  reflecti|ig  hnc,  which 
assumes  the  cre^centic  form,  a[)pears  along  the  nerve-surface, 
the  second  case  the  atrophy  is,  in  a  certain  sense,  directly  terminated, 
evidently  from  diminution  of  pigment,  and  its  further  development 
consists  at  fir^t  rather  in  the  becoming  more  perfect,  than  in  the 
extension  of  the  atrophy.  Often,  however,  we  now  see  a  second  con- 
vex line  of  pigment  arise  at  the  outside  of  the  original  crescent 
Wliile  in  adokscence  myopia  is  gradually  more  and  more  developed, 
there  not  unfrequently  set  in  troublesome  symptoms  of  irritatioDi 
and  on  ophthalmoscopic  examination  we  now  often  find  the  most 
external  boundary  of  the  atrophy,  as  well  as  the  nerve-surface  itself, 
in  a  congestive  condition.    If  the  myopia  seems  likely  to  attain  only 
a  slight  degree,  there  occur  io  adolescence  but  the  first  traces  of 
atrophy,  and  where  this  is  the  case,  a  great  development  of  the  same 
is  to  be  apprehended  only  from  an  improper  use  of  the  eyes.     But 

where  myopia  of  7;  or  ^  exists  from  the  sixteenth  to  the  twentieth 

year,  we  find,  almost  without  exception,  a  very  decided,  almost  perfect 

atrophy  accurately  defined  under  the  form  of  a  crescent,  whence  it 
sometimes  appears  that  precisely  this  part  is  more  highly  concave  than 
the  rest  of  the  fundus.  The  pigment-epitljeHum  has  disappeared  upon 
this  surface,  the  chorio-cfipilhiris  seems  to  be  no  longer  present,  the 
greater  chorioideal  vessels  are  slender,  extended,  sometimes  they  hav^ 


ey  hav^ 
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almost  wholly  disappeared,  while  only  brownish-grey  spots  still  indi- 
cate the  iiitervasciilar  spocc. — From  a  combination  of  immerous 
observations  we  may  very  well  dedu€c  the  development  of  the 
atrophy;  but  I  Imve  in  addition,  had  the  opportunity  of  examining 
repeatedly  in  conseputivc  years  many  eyes,  and  this  has  shown  me 
that  the  atrophy  sometimes  advances  more  rapidly  at  intervals,  but 
that  it  very  mrcly  continues  long,  for  example,  for  one  or  twoyejirs, 
nnaltcre^.  Especially  in  yonth,  when  the  adjoining  tissue  of  the 
chorioidea  is  particularly  rich  in  blood,  and  long-continued  tension 
of  the  eyes  is  attende^l  with  inconvenience,  the  development  proceeds 
regularly*  Apparently,  the  boundary  of  the  pigment  is  thus  displaced 
outwards*  In  so  far  as  the  membranes  at  the  outdde  of  the  nerve- 
sorface  are  extended,  this  ia  also  really  the  case.  But  in  addition  we 
must,  in  explanation  of  the  process,  assume  that  in  the  place  where, 
at  the  inner  boundary  of  the  hyjienemia,  in  consequence  of  extension 
the  atrophy  heginsj  the  pigment  is  absorbed,  and  at  the  same  time 
is  more  strongly  formed  on  the  hy]Jerffiinic  line  extending  outwards. 
In  general  the  stronger  fonnation  of  pigment  is  due  to  hypenemiii 
of  the  chorioidea,*  Now,  if  on  tlie  one  hand,  pro'jahly  through  a 
more  rapid  course  of  the  atrophy,  the  abi^orption  of  the  pigment  is 
imperfectr,  and  if  black  spots  therefore  remain  in  the  atrophic  part, 
the  hypersemia  on  the  other,  extends  in  some  points  more  outwards, 
and  here  gives  rise  to  increase  of  pigment,  Tims  it  would  appear 
toOj  that  the  spots  of  pigment  existing  at  both  sides  of  the  boundary 
of  the  atrophy  may  be  explained.  A  real  displacement  of  the  pig- 
ment over  the  surface  of  the  chorioidea,  as  it  occurs  in  exudative 
chorioiditis,  seems  here  not  to  be  admissible. — ^The  direction^  in 
which  the  atrophy  at  first  extends,  is  at  once  conclusive  as  to  the 
form  to  be  expected.  This  is  indeed  included  in  what  has  already 
been  said.  Here  we  may  remark  only,  that  in  slight  degrees  the 
form  is  never  annular,  and  that  the  annular  and  circular  forms  are 
to  be  expected  when  the  crescent  rapidly  extends  far  around  the 
nerve-surface,  most  of  all,  when  also  at  the  opposite  inside  of  the 
nerve- surface  a  second  smaller  crescent  is  enrly  forrnetJ, 

The  atrophied  part  h  for  a  long  time  regular  in  form,  and  beyond  it 
scarcely  any  change  is  to  be  seen  in  the  fundus  oculi :  at  most  it  may 
be  observe^l,  when  a  strong  pigment H'pitheliu in  does  not  prevent  it, 
that  the  ehorioideal  vessels  arc  more  separated,  and  are  in  pnrt  more 

•  Compare  Coceius.  Z^tber  Ghtucomf  Entziitidunf/  and  Autoskapie  mit 
detn  Auff*tm/tieffifl^  1859,  p,  36. 
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slender  than  usual.  But  after  the  five-and-thirtieth,  and  particu]arl|| 
after  the  fortieth  year,  in  high  degrees  of  M,  the  changes  abof 
described  begin  here  and  there  to  occur  (compare  Figs,  132,  lS5,s 
139).  Now  also  the  boundary  line  of  the  atrophy  sometimes  desmb 
a  more  irregular  form,  or  atrophic  spots  have  formed  next  the  or 
ones,  which  by  the  extenaion  of  both  may  subsequently 
The  most  important  change  beyond  the  seat  of  the  original  atrojih 
is  the  degeneration  in  the  region  of  the  yellow  spot,  especially  wbe 
it  occupies  the  fovea  centralis.  It  is  true  this  may  occur  at 
age  even  in  non-myopic  eyes,  and  on  localised  disturbance  of  tt 
function  in  the  same  place,  vkiih  or  without  perceptible  organ 
change,  a  number  of  esses  of  ordinary  amblyopia  depend.  But 
particular  morbid  change,  based  upon  extension  and  atrophy  of 
sclerotic  and  chorioidea,  whereby  the  retina  here  also  becouje 
secondarily  dist  orbed  in  its  function,  is  decidedly  peculiar  to  high 
degrees  of  myopia.  As  v^e  know  that  the  yellow  spot  often  corre- 
sponds to  the  apex  of  the  staphyloma  posticum,  and  that  in  high 
degrees  the  atrophy  of  the  sclerotic  and  chorioidea  is  here  th 
strongest,  this  can  by  no  means  surprise  ns.  In  the  first  place,  there* 
often  arises,  in  M  =  i  or  more,  in  advanced  life,  imperfect  diffuse 
atrophy  of  the  chorioideaj  in  a  belt  passing  from  the  outside  of  th 
atrophy  tliroogh  the  yellow  spot,  and  recognisable  by  a  dispropop 
tionately  white  or  yellow-dotted  grey,  sometimes  stixingly  refle 
almost  glittering  appearance,  with  interspersed  pigment;  and  where 
this  occurs,  the  region  of  the  yellow  spot  never  altogether  escapesj 
but  in  addition,  at  a  comparatively  less  advanced  age,  the  above-<] 
scribed  local  degeneration  of  the  yellow  spot  not  unfrequcntly  su[ 
venes  on  the  original  atrophic  crescent,  while  the  part  situat^Q 
between  this  and  the  yeUow  spot  still  deviates  but  little  from  tl 
normal.  On  one  occasion  I  observed  this  in  a  patient  aged  fifteeuj 
under  thirty  years  of  age  it  is,  however,  even  in  the  highest  degr 
of  M,  still  rare ;  after  the  thirtieth  year  it  recurs  with  comparativ 
frequency  in  myopia  of  J  or  more,  and  at  sixty  the  yellow  spot,  and 
even  the  fovea  centralis,  have  in  Mof  J,  often,  and  in  myopia  of  2i 
and  I,  they  have,  I  might  almost  say,  always  suffered.  This  occurs 
both  when  the  original  atrophy  is  annular  or  circular,  and  when  it 
extends  only  to  one  side,  sometimes  even  when  the  axis  of  the  atro* 
phy  is  stiU  short,  and  is  not  directed  to  the  yellow  spot* 

The  above- described  changes  of  the  nerve-surface  are  distinctly 
seen  only  in  comparatively  high  degrees  of  myopia,  for  example,  higher 
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than  If  aed  in  these  degrees  the  straightened  direction  of  the  retinal  ves- 
aclsj  especially  at  the  side  of  the  atrophy,  is  not  to  be  mistaken.  Parti- 
cularly remarkable  in  this  respect  are  those  cases  wliere^  in  the  same 
person  only  the  one  eye  is  strongly  mjopicj  or  at  least  is  much  more 
strongly  myopic  than  the  other.  Od  the  whole  the  connexion  be- 
tween the  degree  of  the  myopia  and  of  the  different  changes  in  the 
fundus  ocnli,  independently  of  the  time  of  life,  is  in  these  cases  most 
strikingly  brought  to  light. 

Other  deviations,  to  wliich  higlily  myopic  eyes  are  liable,  as  effu- 
sion of  blood,  detachment  of  the  retina^  glancoinatous  degeneration 
of  the  nerve-surface  and  opacity  of  the  lens,  are  not  constant  and  not 
sufficiently  peculiar  to  M,  to  justify  their  description  here  as  the 
simple  results  of  a  further  development  of  M,  More  correctly  might 
chorioiditis  disseminata,  to  be  treated  of  in  the  following  section,  be 
referred  to  M. 

Movable  flocrnli  in  the  vitreous  humour  are,  on  the  contrary,  as 
I  have  remarkedj  but  seldom  absent  in  high  degrees  of  M* 

We  have  still,  in  conclusion,  two  important  questions  to  treat  of: 
first,  how  far  the  atrophy,  above  described,  is  constant  in  myopia ; 
P^Bondly,  whether  it  occurs  only  in  M,  and  is,  therefore,  characterise 
fe  of  the  latter  ? 

Von  Graefe  established  that  in  ten  cases  of  high  degrees  of  M,  the 
atrophy  alluded  to  (by  him  attributed  to  sclerotico-chorioiditis) 
occurs  at  least  nine  times.  Ed,  von  Jaeger  had  perhaps  earlier 
arrived  at  a  similar  result,  and  all  otlier  observers  agree  therein. 
According  to  my  experience  we  may  go  still  further. 

As  I  have  aheady  remarked,  slight  degrees  of  myopia  may  exist 
in  young  persons  without  atrophy,  but  whether  the  myopia  have 
remained  stationary,  or  have  been  farther  developed,  in  the  fortieth 
year  traces  of  atrophy  are  usually  no  longer  absent.     Even  after  the 

thirtieth  year  I  found  with  M  >    ,,  the  atrophy  only  three  times  wholly 


—  it  was  present  in  every  case  but 


absent,  and  still  with   M  > 

five.  We  lire  therefore  justified  in  saying  that  mj/opia  depenfh  on  a 
condition  in  which  the  devehpmeni  of  atrophia  is  included.  In  the 
following  section  it  will  more  fully  appear  that  M  may  also  ex- 
ceptionally be  produced  by  some  other  changes  of  form  of  the 
eyeball;  hut,  singularly  enough,  in  those  cases  in  which  morbidly 
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developed  greater  oaonvtsfOty  of  the  cornea  contributed  to  tiie  M^  th 
aipopbj  peculiar  to  staphyloma  posticum  is  found  only 
raieljr  entirelj  absent. 

As  to  the  second  question,  we  cannot  consider  the  atiophj  d6> 
scribed  to  be  completely  characteristic  of  M.  We  often  see,  ^  ]g»ti 
in  mature  age,  slight  traces  of  atrophy  at  the  outer  margin  of  (he 
nerve-surface,  sometimes  even  an  annuLir  or  circular  atrophy,  with* 
out  M  being  present ;  twice  I  have  observed  it  even  with  certmn 
degrees  of  H.  We  cannot  assume  that  in  all  of  tliese  cases  M 
existed  at  an  earlier  jjcriocl,  and  lias  disappeared  in  consequence 
senile  changes  in  the  eye  (compare  p.  205).  In  the  second  place,  i 
peculiar  form  of  atrophy  not  unfrequently  occurs  around  the  nenre 
i^urface  in  glaucoma.  This  is  annidar,  and  attains  onlj  a  modi'i 
niagnitude;  evidently  the  chorioidea  is  here  also  atrophioy  which 
ii trophy  appears  to  me  to  be  connected  with  the  excavation  of  the 
nerve-surface :  probably  in  this  case  inllammation  ia  also  in  opera- 
tion. ^ 


KOTE  TO  SEfTION  27. 

The  ophthtdmoecopic  iDTestigatioiL  of  BtroDglj  myopic  iadividuaU  in  1 
Doti-i averted  itiiage»  for  which  the  uee  of  a  highly  negative  eye-pieoe  : 
necessary,  requires  a  great  deal  of  practice.    Ed.  von  Jaeger  thinks,  hon 
eveFf  that  thi^re  is  some  advantage  in  thia  methwi,  and  in  any  eaae  i 
h  desirable,  beeatiae,  aa  we  have  already  Been,  we  may  in  the  gliL&s  T©q« 
find  an  indication  of  the  degree  of  the  myopia,     Bui  for  ordinary 
exammation  in  the  inverted  image  ia  quite  sufficient     Without  the  use  i 
an  object-glass,  the  inyerted  image  of  the  fundus  oculi  stands  before  the 
myopio  eye,  at  the  distance  for  which  the  latter  is  accommodated.     With 

M  =  ^,  —J  -,   it  will,  therefore,   atand  about    2,  3»  n  inches   before 
2      i>     ft 

the  eye,  so  that^  in  high  degrees  of  M,  removing  somewhat  more  than  usual, 
we  oan»  without  the  intervention  of  any  glasses  whatever,  looking  direotly 
through  the  opening  of  the  mirror,  see  the  image.  But  it  is  better  to  add  a 
convex  object-glass  to  the  observed  eye,  whereby  the  field  of  vision  becomes 
larger  and,  by  movement  of  the  glass  in  the  vertical  plane,  extends  alternately 
in  different  directions.  In  the  choice  of  this  object-glass  we  find  ourselves, 
however,  in  a  diiioidt  dilemma:  if  we  select  one  too  strong,  the  image  becomes 
quite  too  small ;  jf  we  choose  one  too  weak,  we  obtain  too  smaU  a  field  of 
vision.  The  too  small  image  we  ean  partially  counteraet,  by  eotubining  a 
pretty  strong  eye-piece  with  the  opbthalmoscope,  whereby  the  observer  can, 
wiiboui  any  eilbrt,  see  the  little  inverted  image  very  near,  and  magni- 
fied i  in  general,  when  the  investigator  is  not  myopio,  such  a  convex  gloss 
is  to  be  recommended.    Therefore  a  pretty  strong  object-glass,  with  which 
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=1     witli  a  leua  of  nearly 
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nagnifjring  ia  lesa,  but  the  field  of  visioD  is  greater,  is  advantageous, 

thi*  is  to  bii  combined  with  a  tolerably  strong  eye-piece-^Liobrcich 

{Arthtr  filr  Oph(h.,  Bd.  vii,,  2,  p,  130)  has  propo«ed  a  pailicular  method  of 
examining  very  highly  myopic  eyes.  He  xwes  no  object-lens,  but  only  a 
strong  eye-piece,  and  with  this  approaches  the  eye  bo  much  that  the  iris 
Mfiii  nearly  in  the  focna  of  thia  lens,  so  that  the  iris,  in  a  certain  aenee,  dis- 
■ippe&rs  and  a  very  large  field  of  riaton  is  obtained.  At  the  same  time,  the 
inverted  image  muat  come  to  lie  between  the  eye  observed  and  the  lens,  in 
order  that  it  may  be  seen  through  the  latter.     This  is  to  be  attained  in  M 

Then  we  have  really  the  advantage  of  see- 
ing a  largo  field  of  vision  under  a  strong  magnifying  power. 

In  ophthalmosopic  investigation  in  the  inverted  image,  we  look  as  through 
a  oompound  microscope,  wJiereofthe  dioptric  systt'm  of  the  ohuerved  eye*  with 
the  lens  held  before  it,  is  the  object-glass,  while  thti  lens  held  before  the  open- 
ing of  the  mirror  is  the  eye-piece,  through  which  the  eye  of  the  observer 
views  the  inverted  image  of  the  fundus  oculi  formed  by  the  objeet-glasa.  The 
weaker  the  ohjecl-glosa  is,  the  shorter  ia  the  distance//*  from  the  fundus  oculi 
B  to  the  resulting  nodal  point  h\  and  the  greater  the  distance  t/  from  the 
image  ^  to  ihe  resiAing  nodal  point  A*. — Now,  as  /3  :  B  ^  ^  :  (f\  it  appears 

that  the  magnify  in  g  ^  of  the  inverted  image  is  greater,  the  weaker  the 

object-glass  is.  But  in  this  it  is  further  included,  that  the  increased  length 
of  the  visual  axis  in  M,  as  determining  especially  the  magnitude  of  t}\  is 
oo-operating  cause  of  the  slight  magnifying  of  the  inverted  image.  If, 
indeed,  a  shorter  radius  of  curvature  of  the  surface  of  the  cornea  or  of  the 
lens,  without  any  change  in  the  length  of  the  visual  axis,  were  the  cause  of 
the  M,  g*  would  be  less ;  and  if  now,  while  the  inverted  image  was  at  the 

same  distance  from  the  eye,  y  continued  unchanged,  the  magnifying'— 

would  prove  greater. 

If  there  was  any  object  of  known  and  constaatly  equal  magnitude  in  the 
fundus  ocnli,  it  would  be  a  problem  from  the  size  and  position  of  its  inverted 
image  to  deduoe  the  length  of  the  visual  axis  in  life. 


§  28.  Anatomy  or  thk  Myopic  Eye, 

Tn  the  preceding  paragraphs  we  have  seen,  that  M  depends 
almost  excluisively  upon  the  prulougation  of  the\^sml  axis,  connected 
with  stiijjhyloma  posticum.  We  liave  thiTefore  here  little  more  to  do 
thun^  in  the  first  place,  to  describe  the  chatigei*,  which,  under  these 
circumstances,  occur  in  the  eye,  and  in  the  second  place  to  trace 
their  development.  This  will  therefore  forni  the  sijbject-matter  of 
this  paragraph.    But  if  we  comprise  all  together,  which  may  lead  to 
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M  in  the  dioptric  sense  of  the  word,  that  is,  to  a  condition  of  tlie 
eye  in  which  the  focus  lies  in  front  of  the  retina,  we  may  diatingnisli 
the  following  deviations : — 

1.  More  than  ordinary  convexity  of  th€  cornea. 

It  is  evident  that,  when,  all  parts  of  the  eye  being  equal,  the  cornea 
is  more  convex,  M  must  be  the  result.  Now,  until  the  most  recent 
period  M  was  therefore  by  many  attributed  to  a  greater  convexity  of 
the  cornea.  Our  measurements  have,  however,  led  to  the  unexpected 
result,  that  myopes  have,  on  an  a^rage,  a  less  convex  cornea  than 
emmetropes  (compare  p.  89),  and  we  may  add,  that  in  the  most 
highly  myopic  persons,  the  cornea  is  the  flattest.  If,  for  example, 
we  divide  the  84  eyes  measured  by  us  into  three  classes :  the  first  of 

M=  1 :  1*6  to  1 :4 ;  the  second  from  1  :  4  to  1 :  10 ;  the  third  from  ^ei 

to  j^,  we  find  : 

in  the  first  class,  the  radius  in  the  visual  lintp°  =  7*98 
„     second  „         „         „         „         „      p°  =  7-829 
„     third      „         „        „         „         „      p°  =  7*867 
In  emmetropes  I  found  on  an  average  p°  =  7'785. 

In  the  most  highly  myopic  individuals  a  long  radius  of  the  cornea 
is,  in  fact,  the  rule.  We  had  formerly  measured  the  following 
cases : — 

With  M  =  1 : 1-648  p°  =  8-21 

„  =  1:2-025   p°  =  7-885 

„   =  1:2-66     p^  =  8-06 

„   =  1:2-83     p°=  7-68 

„  =  1:2-875  p°  =  7-67 

„   =1:3-5       p°  =  7-84 

„   =  1.3-75     p°  =  8-07 

„   =  1:3-75     P°  =  7-97 

„   =1:3-75     P°  =  8-02 

„   =  1:4  p°  =  7-96, 

and  subsequent  observations  have  confirmed  our  result.  This  par- 
ticularly great  radius  with  very  high  M  is  connected  with  the 
distended  form  of  the  eye;  in  ordinary  cases  we  may  say,  that  in 
myopes  similar  differences  occur  in  the  radius  of  the  cornea  as  in 
emmetropes. — Nevertheless  a  morbid  condition  of  the  cornea  may 
make  the  focus  of  an  otherwise  normal  eye  fall  in  front  of  the  retina. 
In  the  first  place,  the  increased  convexity  of  the  cornea  occurs  as  a 
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It  of  inflammation,  whereby  the  transparency  is  rendered  imperfect, 
li^  the  curvature  is  usually  so  irregular  tbat  unJer  the  astigmatism 
ihence  derived  the  acutelless  of  vision  sufferi?.  Id  the  second  place, 
iieie  is  the  peculiar  morbid  process  known  under  the  name  of  conical 
bomea,  of  which  I  shall  have  t^  speak  in  treating  of  irregular 
Ifitigmatism.  In  the  commencement  this  simulates  an  ordinary 
M  with  amblyopia. 

£.  Short  focal  dUtance  of  the  crystalline  lens,- — Determinations 

during  life,  with  the  aid  of  the  ophthalmometer,  and  direct  raea- 

Buremeuts  after  deaths  prove  that,  with  respect  to  the  crystalline 

ens,  as  well  as  to  the  cornea,  individual  ditferenccs  occur ;  but  if  it 

ifls  appeared  that  the  cornea,  except  in  its  morbid  changes,  plays  no 

part  in  M, — of  the  crystalline  lens,  it  is  at  least  not  proved,  that  it 

^hould  have  a  shorter  focal  distance  in  myopic,  than  in  emraetropic 

(eyes.     So  far  as  measurements  exist,  rather  the  contrary  has  appeared 

io  be  the  case.     Percy  and  Reveille- Pari se  [H^gitme  oculaire,  p.  S2) 

ktate  expressly,  that  in  myopes  the  crystalline  lens  is  not  more  con- 

|rcx.     The   dislingiiishing  a  particular  form  of  M,  as  has  been 

Iftssnmed  by  Stellwag  von  Carion  aud  Ed.  von  Jaeger,  as  the  result 

lof  partial  accommodation  for  near  objects,  we  have  formerly,  as  I 

,hink  upon  good  grounds,  opposed  {compare  p.  353). 

3.  Dislocation  of  the  cr^Uailine  lem* — Two  cases  have  occurred 
me  in  which  partial  laceration  of  the  zonula  Zinnii,  the  one  the 
olt  of  concussion,  the  other  of  actual  injury,  gave  rise  to  a  slight 

legree  of  M.  The  one  case,  in  which  the  crystalline  lens  acquired 
pomewhat  oblique  position,  is  described  in  the  following  Chapter, 
treating  of  xistigmatism.  These  cases  are  in  favour  of  Ilelmholtz' 
view  that,  under  the  influence  of  tension  of  the  zonula  Zinnii,  the 
cmtalline  lens  is  flatter. 

4.  Diiplacetneni  or  more  anterior pontion  of  tfie  crystalline  lens. 
— This  might  really  give  rise  to  a  certain  degree  of  M.  But  we 
know  that  in  the  hypermetropic  eye  the  lens  lies  closer  to  the  cornea, 
while  in  the  myopic  it  is,  on  the  contrary,  more  remote  from  it. 
Hence  it  is  sufficiently  evident,  how  little  right  we  have  to  bring  M 

E"  D  connexion  with  it.  Two  cases  may  here  be  briefly  related. 
e  is,  that  of  luxation  of  the  crystalline  lens,  in  consequence  of  a 
lent  concussion  of  the  eye^  whereby  it  was  forced  through  the 
pupil  into  the  anterior  chamber,  and  placed  itself  very  regularly  im- 
mediately behind  the  cornea.  In  this  case  M  had  actually  arisen, 
in  part  probably  in  consequence  of  increased  convexity.     The  man 

24 
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did  Dot  comply  with  my  request  to  place  himself  at  once  under 
treatment,  and  when  he,  not  knowing  what  to  do,  appeared  a  couple 
of  months  later,  the  eye  was  painful,  hard%8  a  stone,  and  had  be- 
come blind  in  consequence  of  the  supervention  of  glaucoma.  The 
lens  was  removed,  but  the  eye  continued,  of  course,  blind. — ^Thc 
second  case  was  that  of  a  considerable  degree  of  myopia,  with  rather 
soft  eyeball  and  extraordinarily  deep  chamber,  with  the  iris  highly 
concave  forwards.  After  this  state  had  been  long  observed,  without 
any  known  cause,  in  the  course  of  twenty-four  hours  an  altered 
position  came  on :  the  concave  surface  of  the  iris  became  convex 
anteriorly,  whereby  it  came  to  lie,  together  with  the  lens,  very  doec 
to  the  cornea.  The  myopia  must  therefore  have  somewhat  in- 
creased ;  but  in  consequence  of  the  slight  accuracy  of  vision  it  was 
not  possible  to  determine  this  with  certainty.  In  the  last  position 
the  eyeball  had  become  firmer,  and  evidently  the  vitreous  humonr 
must  now  have  been  again  secreted  under  h^her  pressure  than  the 
aqueous  humour :  the  reverse  had  previously  abnormally  existed  and 
the  iris  with  the  lens  had  been  pushed  backwards. 

5.  Modifications  in  the  coefficient  of  refraction  of  the  differe^i 
media  are  indeed,  rather  liypothetically,  assumed  as  causes  of  M. 

6.  Injlammation  of  the  anterior  part  of  the  sclerotic ^  often  com- 
bined with  so-called  kyklitis,  may  have  given  rise  to  extension  of 
the  anterior  part  of  the  sclerotic,  and  thus  to  prolongation  of  the 
visual  axis,  of  which  M  is  the  result. 

7.  Spasm  of  accommodation y  and  therefore  the  several  organic 
causes  of  this  spasm,  render  the  emmetropic  eye  myopic.  To  this 
head  belong  the  cases  of  so-called  intermitting  M.  Here  an  ano- 
maly of  accommodation,  not  of  refraction,  is  in  question. 

After  this  emimeration  of  unusual  deviations,  which  may  form 
the  basis  of  M,  I  now  pass  over  to  the  consideration  of  the 
typical  form  of  M,  the  eye  with  staphyloma  posticum.  It  occurs 
under  two  varieties.  Tliere  arc,  namely,  cases,  in  which  the  eye  is 
uniformly  enlarged  in  almost  all  its  axes,  and  in  which  its  condition 
thus  approaches  to  the  congenital  buphthalmos.  In  true  bupbthal- 
mos  we  found  a  flat  cortica  and  extensive  atrophy  in  the  fundus 
oculi,  in  a  case  with  still  tolerable  power  of  vision,  but  with  an  extra- 
ordinary degree  of  M,  so  that  the  person  who  had  buphthalmos  on 
one  side,  had  considered  tlic  eve  so  aflFccted  to  be  blind,  until  I 
showed  him  that  at  the  distance  of  IJ"  he  was  able  to  read  with  it. — 
In  by  far  the  great  majority  of  cases,  however,  the  visual  axis  has 
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d  much,  more  in  length  thau  the  other  axes^  and  the  eye 
khibits  a  tolerably  regal ar  ellipsoidal  form,  as  has  already  beea 
cpresented  by  Scarpa.* 

I  here  append  the  ascertained  lengths  of  the  diflerent  axes  in 
>me  myopic  eyes. 

Visual  axis.  Horizontal  axis.  Vertical  axis. 
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Von  Jaegerf  has  also  raeasared  a  great  number,  in  which,  too,  the 
prolongation  in  the  visual  axis  was  always  the  most  remarkable.  In 
aost  cases  the  apex  of  the  sclerotic  ellipsoid  corresponds  about  to 
ie  axis  of  the  €oraea4  and  from  the  relaxation  of  the  membranes 
'  in  this  place  it  appears,  that  the  atrophy  has  here  attained  the  highest 
degree;  sometimes  aloog  with  the  original  distention  a  second  is  here 
present^  where  apparently  the  membranes  have  offered  still  less  resist- 
ance to  the  pressure,  W  hile,  therefore,  the  apex  corresponds  more  or  less 
I  perfectly  to  the  region  of  the  yellow  spot,  which  has  approached  the  axis 
^  the  cornea,  the  optic  ner\*e  has  removed  more  than  ordinarily  to- 
wards the  inside  (Compare  Fig,  144) »  In  other 
cases  the  apex  lies  farther  from  the  axis  of  the 
comea,  and  indeed  in  different  directions,  but 
especially  inwards,  whereby  it  may  coincide  about 
with  the  optic  nerve.  Sometimes  the  latter  is 
said  to  be  here  implanted  as  on  a  second  dis- 
tention. I  have  never  seen  this  ;  but  there 
rather  occurs  at  the  base  of  the  optic  nerve,  from 
^pielding  of  its  external  fibrous  sheath,  a  thick- 
^^ning  to  S  mm,  and  more,  which  suggests  the 

idea  of  a  second  distention  of  the  sclerotic  (i?ompare  Fig.  146). 
BVon  Jaeger  says  he  has  found  the  apex  of  the  enlargement  even  to  the 
^Inside  of  the  optic  nerve. 

In  high  degrees  of  staphyloma  posticura  the  eye  when  taken  out 
rapidly  becomes  soft  and  flaccid ;  and  near  the  posterior  pole  the 

■membranes  are  so  thin  and  transparent,  that  there  the  well-known 
•   TralU  pratique  des  malmUes  ties  ytux.     Traduit  par  Leveillc.     Paris, 


Train  pratique  des  malmUes  ties  ytux. 
chez  Bertrand,  !&07,  Tome  II,,  p.  190. 
I  Compare  also  Dr.  Josef  Ritter  von  Hi 
iuffenheilkunde,  Prag,  1860,  p  19. 


Traduit  par  Leveillc. 
I  /.  c.,  p  262, 
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bloiflh  appearance  oocon  which  is  peculiar  to  sbqilijloiiui 
anticnm.  Tarning  the  distended  part  to  the  lights  we  see  HwNi^tti 
pupil  the  fundus  oculi  quite  deariy  illnminated,  Ercn  in  Hfi^  vki 
the  cornea  is  strongly  turned  inwards^  the  Uniali  oolcnir  of  the  ill- 
phyloma  posticum  is  sometimes  visible;  and  a  case  oocmied  to i 
in  which  the  whole  visible  sclerotic  had,  through  general  \ 
acquired  a  very  disagreeable  uniformly  blue  appeanuioe. 

In  order  now  to  examine  the  eye  fkutherj  we  make,  aiha  m  tib 
fresh  state  or  after  hardening  in  a  solution  of  chromic  add,  a  seetiaB 
in  a  plane  passing  through  the  middle  of  the  cornea  and  of  As 
optic  nerve,  taking  care  that  it  does  not  pass  the  npa,  of  tib 
staphyloma.  It  now  appears  that  the  Meleratie  has  eferyhas 
become  thinner,  and  indeed  increasingly  so  towards  the  posterior 
pole;  that  it  is  in  general  more  attenuated  at  the  ontaide  of  As 
globe  of  the  eye  than  at  the  inside,  and  that  near  the  apei  flf 
the  ellipsoid  it  is,  in  the  highest  degrees,  not  much  thicker  tbB 
a  sheet  of  paper,  nay  that  in  some  points  its  fibres  are  cfsi 
separated  from  one  another.  In  the  second  place,  we  obeerre  fhit 
the  iris  and  the  Um  are  moved  more  backwards.  The  same  ii 
true  of  the  processus  ciliaris,  and  more  than  once  I  have  aeen  thst 
the  mnseulus  ciliaris  also,  with  prolongation  and  attennatiaii  of 
the  vitreous  fibres,  which,  derived  from  the  membrana  Deaoemetiiy 
serve  as  origin  to  the  muscle  in  question,  commenced  farther  from 
the  cornea  than  in  the  normal  eye,  and  was  at  the  same  time 
longer,  flatter,  and  more  or  less  atrophic.  This  we  find  decidedlj 
when  the  anterior  part  of  the  sclerotic  also  is  considerably 
attenuated^  which  is^  however,  by  no  means  the  rule.  In  like  man- 
ner, in  ordinary  cases^  the  anterior  part  of  the  cAoriaidea  is  almost 
quite  normal,  and  is  only  tx)wards  the  back  part  progressively  atte- 
nuated and  discoloured.  In  general  the  chorioidea  can  with  tolers- 
ble  ease  be  separated  from  the  sclerotic^  but  in  proportion  as  we 
approach  the  atrophic  parts,  it  must  be  removed  with  the  greater 
care,  because  the  membrane,  while  it  increases  in  thinness  and  fine- 
ness, becomes  at  the  same  time  more  homogeneous  and  more  easQy  torn. 
On  all  sides  we  can,  however,  recognise  and  isolate  the  chorioideai 
atrophic  as  it  may  be.  Yon  Jaeger  has  found  this  to  be  the  case  in 
numerous  eyes,  and  even  in  1856  I  saw  it,  in  the  collection  of  Stellwag 
von  Canon,  illustrated  by  excellent  preparations.  The  chorioidet 
usually  exhibits  the  greatest  attenuation  immediately  at  the  optic 
nerve,  from  which  it  is  now  easily  separated ;  the  sclerotic,  on  the  eon^ 
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'jj  is  thiune^t  at  the  posterior  pole.  According  to  von  Ilasuer, 
he  retiuii  is  more  intimately  connected  with  the  chorioidea  at  the 
tnargin  of  the  atro[>hy, — We  view  the  chorioidea  on  its  inner  surface, 
fter  having  carefullj  removed  the  vitreous  humour  and  the  crystal- 
x\t  lens  together  with  the  retina.  It  is  seldom  that  in  the  eye 
hardened  anteriorly  any  pigment  continues  adherent  to  it ;  but^  on  the 
other  hand,  in  two  eye«  examined  by  me,  a  part  of  the  outer  layer  of 
the  retina  remained  connected  with  the  pigment^  especially  in  the 
re^on  of  the  equator  of  the  eye :  they  were  taken  from  a  woman 
oged  66 ;  in  other  eyes  examined  by  me,  I  have  not  seen  this.  In 
this  woman  occurred  also  the  well-known  elevations  (compare  p,  19^) 
on  the  vitreous  membrane  of  the  chorioidea^  which,  where  the  cho- 
ioidea  is  not  yet  very  atrophic,  can  always  be  easily  isolated.  If 
ive  BOW  bring  under  the  microscope,  a  long  slender  portion  of  the 
cliorioidea,  extending  from  the  ora  serrata  to  the  optic  nerve,  iso- 
lated from  the  sclerotic  and  carefully  treated,  so  that  no  pigment  is 
lost,  with  the  inner  surface  upwards,  we  can  study  the  transitions 
from  the  normal  condition  to  the  most  perfect  atrophy.  In  the  first 
place  it  appears,  that  the  pigment-epithelium  is  less  linifonoly 
coloured,  and  that  the  cells  are  larger,  and  perhaps  also  tlatter  than 
in  the  normal  eye ;  outside  the  kighly  reflecting  atro|)liic  crescent, 
where  they  are  actually  wanting,  they  form,  however,  a  perfect  layer. 
If  the  atrophy  be  diffuse,  transition  forms  occur,  and  we  observe 
that  the  cells  gradually  disappear,  leaving  only  pigment -granules 
more  or  less  collected  in  groups.  The  dark  blat^k  spots,  which  we 
observe  with  the  naked  eye  or  with  a  magnilying  glass,  particularly 
in  this  diffuse  form,  scattered  here  and  there,  exhibit  no  regular 
cells,  but  perfectly  black,  irregidar,  angular,  mutually  coherent 
masses,  between  which,  and  also  around  which,  we  soraetunes  find 
colourless  atrophic  chorioideal  tissue.  Grey  spots,  on  the  contrary, 
surroynded  by  similar  black  pigment,  I  saw  resting  on  normal  cho- 
rioideal tissue,  which  glimmered  more  feehly  through  them. — If  the 
cell  membranes  disappear  from  the  pigment-epithelium,  while  the 
pigment-granules  remain,  the  reverse  holds  good  with  respect  to  the 
pig^ment,  belonging  to  the  stroma  of  the  chonoidea.  This  is  observed 
most  distinctly  when  the  pigment-epithelium  has  been  washed  away 
with  a  pencil.  In  the  first  place  it  then  appears  tlmt,  even  in  cases  of 
circumscribed  crescent,  the  stroma  has  already  got  remarkably  pale, 
where  it  was  still  sufficiently  covered  with  pigment-epithelium;  and 
these  decolorized  part«  the  ramified  pigmeot-cells  of  the  intervas- 
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cular  spaces  are  equally  distinctly  visible^  but  are  poor  in  pigment- 
granules^  which  towards  the  atrophied  side  progresaively  diminish 
and  finally  disappear,  while  the  ramified  cells  themselves^  nevertheless, 
continue  present.  In  the  darker  places,  on  the  contrary,  where  iht 
chorioidea  also  has  maintained  about  its  regular  thickness,  the  pig- 
ment-cells appear  perfectly  normal. — ^The  lar^e  vessels  of  the  outer 
layer  of  the  chorioidea  I  found  in  the  normal  and  little  atrophied  parts 
very  highly  congested  with  blood,  more  so  than  is  usually  the  case 
under  ordinary  circumstances  in  normal  eyes.  In  consequence  of  this 
the  membrane  had  a  red,  striped  appearance.  The  same  sanguineous 
congestion  was  exhibited  in  the  same  place  in  the  most  remarkable 
manner  by  the  chorio-capillaris ;  but  in  proportion  as  we  approached 
the  atrophied  part,  the  blood  diminished  in  the  vessels,  and  at  length 
wholly  disappeared.  Here  the  thin  membrane  which  remained  from 
the  chorioidea  gradually  acquires  such  homogcneousness,  that  it  is 
difficult  to  suppose  that  the  vessels  should  have  retained  any  calibre, 
although,  with  a  strong  magnifying  power,  we  can  still  very  well  per- 
ceive the  large  vessels,  and  sometimes  even  the  cliorio-capillaris, 
surrounded  with  granular  matter.  Besides,  the  larger  chorioideal 
vessels  long  continue  to  carry  blood,  when  the  chorio-capillaris  is 
already  closed.  1  am  sure  that  on  the  white  reflecting  crescent,  on 
which  we  often  still  see  some  larger  chorioideal  vessels  running,  the 
chorio-capillaris  is  wanting,  not  only  because  it  was  not  filled  on  a 
very  successful  injection,  but  also  because  we  do  not  see  it  in  life. 
If  there  be  a  red  or  dark  background,  it  is  invisible  when  magnified 
by  the  ophthalmoscope  on  account  of  the  transparency  and  the  slight 
reflecting  power  of  the  thin  layer  of  blood ;  but  if  the  background 
be  white,  it  ought  to  manifest  itself  by  a  reddish  tint^  and  even  to  be 
visible  as  a  network. 

The  foregoing  description  lias,  in  general,  reference  to  the  highest 
degrees  of  staphyloma  posticum,  in  which  the  defined  atrophy,  per- 
ceptible with  the  ophthalmoscope,  has  already  visibly  connected 
itself  with  a  difluse  atrophy.  It  has,  however,  seemed  to  me,  that 
diffuse  atrophy  occurs  also  where,  on  account  of  the  tolerably  perfect 
pigment-epithelium,  it  appears  during  life  only  from  the  great  mu- 
tual distance  of  the  still  blood-carrying  larger  vessels  of  the  chorioidea. 

In  staphvlonia  posticum  the  place  where  the  optic  nerve  enters  the 
eye  is  important.     Some  years  ago  I  investigated  this  place  in  the 
normal  eye.*     It  then  appeared  to  me,  that  the  trunk  of  the  optic 
•  Archirfiir  OphthaLy  Bd.  L  h.  2,  pp.  82  et  seq,  1855. 
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re  is  already  divided  by  fibrous  tissue  into  the  mimerous  small 
bandies  into  whicli  it  at  once  separates  on  issuing  as  retina,  and 
ims  differs  essentially  in  its  slructnru  from  other  gradMaliy  ramif}ing 

v'e-tranks ;  that  it  possesses  a  double  Jtbrous  sAealA,  an  external 
id  thicker  one,  a  (Fig.  145),  which  is  continued  at  a   into  the 

Fig.  145. 


*  e 


most  external  part  of  the  sclerotic^  and  an  internal  one  b,  which  en- 
velopes the  trunk  as  far  as  the  chorioidea  d,  is  connected  with  the 
latteij  and  bends  close  to  it  into  the  there  pigrneot-containing  sclerotic 
6',  while  at  the  same  time  the  lamina  cribrosa  ^  for  the  most  part 
proceeds  therefrom,  and  is  only  to  a  small  extent  formed  by  the  cho- 
rioidea. Between  the  two  fibrons  sheaths,  a  and  6^  is  n  thin  layer 
of  loose  connective  tissue,  the  conned ive-iissue'S^iealk  c,  consisting 
of  a  network  of  sharply -define  J  fascicuh,  which  ascends  to  c  close 
to  the  lamina  cribrosa.  Even  beneath  the  lamina  cribrosa  at  h  the 
nexve-fibres,  as  Bowman*  first  stated,  lose  their  meduUaiy  sAmtk, 
whereby  the  n(^rve  becomes  thinner  and  at  the  same  time  transparent* 


•  Lectures  on  the  parti  concerned  in  the  operaiiom  on  the  Eye. 
J84d,  t>.  82. 
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These  thinner  fasciculi  now  pass  through  the  so-called  lamina 
Itrosii,  which  mny  be  regarded  as  a  strengthening  of  the  netirilemn 
of  the  separate  bundles,  and  of  which  a  fine  continuation  can  bal 
traced  between  the  bundlest  of  the  fibrous  layer  of  the  retina.    Tbt 
ekntioidea  appears  to  terminate  abniptly  at  the  margin  of  the  i: 
because  the  pigments  which  is  here  largely  accumulated,  act  _ : 
ceases,  nor  are  the  chorioideal  vessels  continued  further;  but  its 
tissue  nevertheless  ^urrounda  the  fascicuH  of  the  optic  nerve,  and 
tims  really  contributes  to  the  formation  of  the  lumlna  cribroBa,    So 
the  cAi/rioidea,  both  through  its  connexion  with  the  internal  sheath 
6'  of  the  optic  nerve,  and  by  its  prolongation  among  the  nerve-tissue, 
is  here  firmly  attached.     Almost  directly  at  the  place,  where  its  pig- 
ment commences,  the  elements  of  the  deeper  retinal  layers  begin  to 
show  themselves,  over  which  the  nerve-layer  now  expands, — If  witi 
this  we  compare  the  section  of  the  entrance  of  the  optic  nerve 
liighly-developed  staphyloma   posticum   (Fig.  146)  it  will  ap 


that  the  eternal  9heatk^  a,  escapes  near  the  sclerotic  from  the  ner%'i 
that  a  small  part,  a,  here  turns  inwards,  but  that  the  greatest  part,  aA 
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pneliDes outwards  towards  the  sclerotic ;  that,  onthe  contrary,  the  inner 
beath,  ^,continues  closely  to  auiround  the  nerve  j  near  the  nerve-sur- 
acey* forms  the  lamina  cribrosa,and  now  passes  at  i'out wards  into  the 
clerotic,  muning  to  raeet  the  fasciculus,  a^  of  the  outer  sheath  turn- 
ing inwards.     This  thin  fasciculus,  a  b\  bounds  the  loose  connective 
isue,  <',  which  here,  c\  has  acquired  a  great  breadth,  and  is  therefore 
idently  very  much  extended.  The  sclerotic  consequently  here  consists 
ilmost  exclusively  of  a  thin  fasciculnsi,  a   b',  derived  from  the  two 
nerve-sheaths,  and  this  is  covered  anteriorly  by  the  completely  atro- 
phic piginentless  chorioidea,  d\     It  appears_,  that  the  nerve,  which 
liere  exhibits  superiorly  a  perhaps  accidental  thickening,  after  its 
Sbres  have   lost  tlie   medullary   sheath,   is    still   thinner   than  in 
Drdinary  cases,  and  thus  goes  inwards,  through  a  smaller  opening  in  tlie 
chorioidea,  sometimes  in  an  oblique  direction,  in  order  immediately 
t  retina,  n  «,  to  spread  itself  over  the  anterior  surface  of  the  atrophic 
Dhorioidea.     In  the  instructive  drawings  given  by  von  Jaeger,*  one 
lof  which  I  have  here  copied  {Fig.   147),  the  sheath  of  coimective 
tissue  has  for  the  most  part  not  only  extended  upward?,  but  an  ex- 
tremity of  it  also  stretches  between  the  layers  of  the  sclerotic*     Von 
J  Jaeger  further  remarks,  that  the  internal  extremity  of  the  nerve,  with 
I  early  bending  and  spreading  of  its  fibres,  appears  as  it  were  drawn 
lirithin  the  eye :  in  Fig.  147  (aftt^r  Jaeger)  the  lamina  cribrosa  and 

Fig.  147* 


the  place  where  the  nerve-fibres  lose  their  medullary  fibres,  really 
appear  to  have  approached  nearer  to  the  retina. 

The  rdim  lias  in  general  a  normal  appearance.  It  is  bard  to  say 
whether  it  is  more  or  less  attenuated  in  one  place  or  another;  but 
thus  much  is  certain,  that  the  atrophy  in  this  oienibrane  cannot  be 
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compared  with  that  in  the  sclerotic  and  chorioidea.  The  extended 
course  of  the  vessels,  already  ophthalmoscopically  seen,  can  be  easily 
proved :  how  far  the  proper  tissue  is  altered,  it  is  difficult  to  say. 
Coccius,'^  who  often  examined  the  retina  in  staphyloma  scleiotice, 
in  consequence  of  chorioiditis  postica,  found,  with  the  exception  of 
some  empty  places  on  the  posterior  layer  (the  layer  of  rods  and 
bulbs),  no  changes  in  it.  11.  Muellert  thinks  that  in  one  case  he 
found  the  tissue  looser ;  but  he  himself  adds,  that  it  is  necessary  to 
be  particularly  careful  in  one's  judgment  on  this  point.  In  my 
notes  I  find,  that  in  isolating  the  retina,  the  nerve-substanoe  on  the 
nerve-surface  very  easily  separated  from  the  lamina  cribrosa  and 
remained  connected  with  the  retina ;  that  in  the  tolerably  fresh  eye 
the  yellow  spot  was  sometimes  scarcely  visible ;  that  the  plica  wu 
formed  as  usual ;  that  the  fibrous  layer  appeared  normal ;  that  on 
sections  of  hardened  retinas  the  different  layers,  with  the  exception 
of  that  of  the  rods,  were  admirably  to  be  seen ;  that  at  the  edges 
radiating  fibres  with  adherent  granules  from  the  two  granular  layers 
occurred  already  isolated ;  that  in  the  region  of  the  yellow  spot  the 
dilFerent  cell-lavers  were  distinctly  visible,  and  that  viewing  the 
recently  removed  retina  on  the  outer  surface,  a  tolerably  good  image 
of  the  layer  of  rods  and  bulbs,  which  could  be  isolated  in  the 
ordinary  way,  was  usually  obtained.  But,  what  here  has  particular 
bearing :  how  far  morbid  changes  occurred  in  these  percipient 
elements,  how  far  they  were  more  separated  than  in  the  normal  eye, 
how  tlic  bulbs  in  the  yellow  spot,  and  particularly  in  the  fovea 
centralis,  are  circumstanced  in  high  degrees  of  atrophy — on  these 
points  1  cannot  speak  with  certainty. 

liespecting  tlie  vitreous  humour  I  have  only  to  state,  that  in  high 
degrees  of  sta])hyloma  posticuni  it  is  fluid  and  not  perfectly  clear. 
The  flocculi  present  iji  it  have  a  fibrous,  granular  appearance  without 
any  distinct  structure. 

If  we  now  endeavour,  from  the  fticts  which  have  been  observed, 
to  form  an  iilea  of  tlie  development  of  staphyloma  posticum,  the 
optic  nerve  witli  the  membranes  of  the  eye  and  the  nerve-surface 
itself,  will,  in  the  first  place,  attr.ict  our  attention.  According  to 
ophthalmoscopic  examination,  we  have  in  these  parts  to  seek  the 

•    Ueher  (ilaucom,  etc.    Leipzig,  1859,  p.  40. 

t  Vcrhamllunycn  dcr  phys.-med,  Gesellschafl.  Wiirzburg,  B.  ix.  S.  liii. 
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unmcncement  of  the  affection,  and  io  maiij  Distances  anatoinv  at 

least  does  not  oppose  tkis  view.     We  have  tlico  to  suppose  tlmt  in 

these  cases  the  disposition  consists  in  this,  that  the  sclerotic  near  the 

optic  nerve  is  more  extendible,  particularly  to  its  outside,  and  that  bj 

this  extension  theouter  shcathof  theoptic  nerve  is  soon  a  little  removed 

f|om  the  latter,  and  the  sheath  of  connective  tissue  is  so  extended  (com- 

^k  Figs.  145  c  and  146  c).     So  soon  as  this  happens,  the  thin  lajer 

BRclerotic  tissue,  i/,  situated  in  front  of  the  shealh  mentioned,  must 

.be  very  much  attenuated,  and  the  same  is  true  of  the  chorioidea,  (f, 

^nnected  therewith,  and  forming,  with  the  fibrous  layer  mentioned, 

fche   so-called  lamina  cribrosa,  between  the  nerve- fasciculi.     At  the 

picie  of  the  nerve-surface,  therefore,  the  retina  now  rests  on  an  extended 

end  attenuated  chorioidea  and  sclerotic,  which  posteriorlj  further  lose 

bU  support.     It  is  not  until  we  come  somewhat  more  outward  that 

|"we  find  the  external  sheath  of  the  optic  nerve,  a,  strengthening  the 

sclerotic.     With  this  extension,  in  the  immediate  neighbourhood  of 

K  optic  nerve,  the  origin  of  the  atrophic  crescent  seems  to  be 
\ly  connected  :  the  chorioidea,  d,  is  here  united  with  the  nerve, 
h  immediately  through  the  fibres,  which  are  continued  between 
the  fasciculi  of  the  nerve,  and  mediately  through  their  con- 
nexion with  the  inner  sheath  of  the  nerve.  At  the  borders  of 
this  attachment  its  vessels  cease;  on  any  extension,  therefore, 
obstruction  to  the  circulation  in  the  extreme  terminations  of  the 
chorio-capillaris  must  easily  arise,  and  thus  the  condition  for  incipient 
fttrophy  is  supplied.  We  find  something  similar  in  the  origin  of 
emphysema  of  the  lungs  from  atrophy  of  the  most  distended  pul- 
monary vesicles,  which  thereby  also  finally  lose  both  their  capillary 
network  and  their  pigment.  Now,  if  the  excessive  extension  has  here 
once  begun,  and  the  reinistance  is  thus  diminished^  it  is  more  onlikely 
that  the  condition  should  become  stationary,  than  that  it  should  be 
progressively  developed ;  and  it  actually  is  the  rule  that  the  atrophy 
of  the  chorioidea  advances  more  and  more,  without  the  visual  axis, 
in  slight  degrees  of  staphylomaj  necessarily  becoming  persistently 
longer  and  longer,— The  extension  at  the  margin  of  the  optic  nerve 
takes  place  often  only  at  one  side,  and  indeed  principally  at  the 
outside,  with  which  the  atrophic  crescent  keeps  pace  at  the  same 
side.  The  number  of  my  observations  is  not  sufficiently  great  to 
enable  me  to  form  a  {K>sitive  opinion, —  but  it  appears  to  me  very 
likely  that,  if  the  apex  of  the  staphyloma  falls  tiearly  in  the  optic 
ve,  the  outer  sheatli  has  given  way  at  all  sides  of  the  nerve. 
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and  that  to  this  the  annular  and  circular  atrophy  of  the  chorioidei 
then  also  correspond:  in  the  eyt,  from  which  Fi^.  14-6  wjis  laicn, 
the  atrophy  was  ixtdly  circular.  If,  a^  is  usually  the  ca^e,  ihe  a| 
of  the  staphyloma  is  situated  at  the  outride  of  the  optic  m 
atrophy  of  the  choriuidea  is  also  found  especially  at  this  side, 
even  the  fact,  that  the  yellow  spot,  to  which  tlie  apex  of  the  si 
loma  often  corresponds,  is  situated  at  the  outside  of  and  a  little  beneath 
the  nerve-surface,  and  that  the  axis  of  the  atropine  crescent  usuaQj 
extends  in  this  same  direction,  indicates  most  distinctly,  that  there 
is  a  connexion  between  the  apex,  in  question  and  the  direction  in 
which  the  atrophy  of  the  chorioidea  advances*  Whether  the 
shaq^ly-defined  atrophy  of  the  chorioidea  does  not  reach  further  than 
over  the  extended  connective  tissue,  d\  I  cannot  decide.  Von  Joe^ 
does  not  admit  even  any  such  intimate  connexion,  and  he  asscrto 
that  the  direction  of  tlie  atrophy  does  not  at  all  correspond  to  the 
side  where  the  shcjith  of  cellular  tissue  has  given  way.  As  to  tk 
narrowing  of  the  nerve-surface  in  a  direction  perpendicular  to  the 
axis  of  the  crescent,  obsen^cd  mih  the  ophthalmoscope,  I  can  give 
no  satisfactory  explanation. — Now,  in  the  ordinary  cases,  where  the 
optic  nerve  does  not  lie  in  the  apex  of  the  staphyloma,  it  may  hei 
question,  whether  the  extension  does  not  commence  rather  in  the 
region  of  the  yellow  spot,  and  only  secondarily  become  communicated 
to  the  outside  of  the  optic  nerve.  This  view  is  the  more  admissible, 
not  only  because  by  it  the  position  of  the  optic  nerve  at  the  inside 
of  the  ellipsoid  would  be  explained,  but  also  because  in  very  young 
persons,  with  comparatively  high  degrees  of  M,  the  crescenticatrophj 
of  the  chorioidea  is  still  often  absent,  or  at  least  is  very  slight*  "Wc 
can  also  very  easily  imagine,  how  extension  in  the  region  of  tlie 
yellow  spot  gives  rise  to  the  atrophy.  In  the  yellow  spot  tlte 
chorioidea,  which  here  abounds  in  pigment,  is  more  intimately  con- 
nected with  the  sclerotic.  If  the  membranes  here  give  way  back- 
wards, the  extension  will  be  equnl  on  all  sides,  and  the  chorioidea 
will,  moreover,  the  more  easily  maintain  its  connexion  with  the  scle- 
rotic, because  precisely  here  it  is  more  intimately  connected  with  it 
if  now  the  sclerotic  too  gradually  extends  in  the  direction  of  the 
optic  nerve,  the  chorioidea  becomes  very  tense  over  this  parti  for 
we  may  assume  the  yellow  spot  and  the  outer  margin  of  the  optic 
nerve  to  be  two  fixed  points:  at  the  attachment,  therefore,  to  the 
outside  of  the  nerve-surface  the  chorioidea  is  imrticularly  strongly 
drawn,  and  considering  that  the  chorioide-al  vessels  t'Crminate 
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[ciselv  at  this  boundary,  the  production  nf  atropliy  by  extension  can- 
]  not  surprise  us ;  according  to  the  direction  of  the  tensiou  wliidi 
'  takes  place  it  is  even  easy  to  understand  why  the  atrophy  should 
,  assume  the  crescentic  form.     The  atrophy  at  tliis  place  will  now 
certainly  be  still  promoted,  so  .^oon  as  also  in  the  immediate  neigh- 
bourhood of  the   nerve   the  sclerotic  is  extended^  and   thus   the 
>  outer  sheath  of  the  optic  nerve  gives  way  outwardly.     This  giving 
way  can  almost  without  exception  be  demonstrated,  and  it  is  attended 
with  the  necessary  consequence,  that  the  arterial  circle,  known  even 
to  Ziau,  occurring  in  the  sclerotic  around  the  optic  nerve,  as  Jaeger* 
has  shown,  is  removed  from  the  nerve.     On  the  whole,  the  outer 
half  of  the  sclerotic  is  extended  io  a  higher  degree  than  the  part 
situated  at  the  inside  of  the  nerve  ;  there  it  is  consequently  also  in 
'  general  thinner.     With  this  is  connected  the  fact  that,  as  we  have 
already  seen  (compare  p.  182),  the  vellow  spot  removes  towards  the 
inside^  so  that  it  may  even  go  beyond  the  axis  of  the  cornea,  whereby 
I  tlie  visual  line  cuts  the  cornea  to  the  outside  of  its  axis*     That  in 
\  this  exteni^ion  atropliy  does  not  occur  at  tlie  outside  of  the  ycUow 
spot  in  the  anterior  part  of  the  chorioidea  so  readilj  as  at  the  inside, 
is  easily  ex[ilained  from  the  great  extensibility  of  the  chorioidea  in 
tins   direction.     It   appears,  moreover,   gradmdJy  to  move  a  little 
over  the  surface  of  the  sclerotic:    thus,  at  least,  I  think  the  re- 
trogression of  the  iris,  of  the  ciliary  process  and  of  the  chorioidea 
itself,  with  the  ciliary  muscle  must  be  explained,  in  those  eases  in 
which  the  anterior  part  of  the  sclerotic  has  retained  almost  its  normal 
thickness.     However,  there  exists  everywhere  more  or  less  extension 
of  the  chorioidea,  and  that  this  gives  rise  to  diffuse  atrophy  and  to 
diminution  of  the  elastic  resistance,  needs  no  proof.     To  the  elastic 
resistance  of  the  chorioidea,  I  think  essential  importance  must  be 
attached.     If  the  membranes  of  the  normal  eye  be  all  cut  through 
together,  the  chorioidea  is  seen  to  retract,  leaving  the  sclerotic  bare 
at  the  edge,     lliis  proves  that  the  chorioidea  may  be  displaced,  and 
moreover,  proves  its  tension.     During  life,  in  consequence  of  the 
vessels  being  full,  of  the  tone  of  the  blood-vessels,  and  of  muscidar 
fibres  t  scattered  here  and  there,  the  tension  of  the  chorioidea  is  un- 


•  L  c,  p.  52, 

f  H-  MiilUr  (  VerhitndL  der  phys^mefi.  Qe»elhchaft,  Wiirzburg,  13.  x, 
p.  i7D)  has  pointed  out  these  nmscjular  tibroa,  and  also  gaagliouic  cells  in 
I  the  chorioidea,  of  the  presence  of  which  Kniliker  satisfied  him^elC  in  Miiller's 
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doubtedly  still  greater.  By  virtue  of  this  tension  it  bears  a  part  of 
the  pressure  of  the  fluids  of  the  eye,  which  now  does  not  act  entiidj 
upon  the  sclerotic,  and  it  is  evident  that  where  an  atrophic  oonditicm 
has  set  in,  and  the  chorioidea  has  given  place  to  a  thin^  brittle  mem- 
brane, the  full  pressure  comes  to  bear  upon  the  already  extended 
sclerotic.  Consequently  a  tolerably  advanced  staphyloma  does  not 
easily  become  stationary,  the  less  so  because  the  pressure  of  the  fluids 
in  the  myoiric  eye  is  in  general  somewhat  increased.  Therefore,  abo^ 
in  staphyloma  the  blood-vessels  and  the  inequalities  of  the  chorioidet, 
as  well  as  the  elongated,  but  not  easily  atrophied,  ciliary  nerves,*  make 
deep  impressions  on  the  inner  surface  of  the  atrophic  sclerotic.  More 
than  once  this  has  attracted  my  attention.  Yarions  circumstances 
may,  moreover,  contribute  to  cause  that,  in  one  instance  in  one  put^ 
in  another  in  a  different  part,  the  extension,  and  with  it  the  atrophy,  is 
particularly  great.  Especially  in  the  region  of  the  yellow  epoi  it  fee- 
quently  attains  a  maximum,  because,  from  whatever  cause  it  maybe,  the 
apex  of  the  ellipsoid  is  usually  often  found  here.  On  this  excessive 
extension  the  above-described  local  changes  mainly  depend,  wherdy 
the  function  of  the  retina  comes  to  suffer.  It  is  easy  to  see,  although 
it  has  not  been  proved  by  accurate  microscopic  investigation,  that 
under  such  extension  the  outermost  layer,  which  consists  of  radiatingly 
placed  very  small  bulbs,  must  suffer ;  that  these  bulbs  at  least  must 
be  separated,  irregularly  distributed  and  made  oblique,  and  that  thqr 
must  easily  be  actually  destroyed.  In  other  parts,  too,  of  the  retina, 
the  rods  and  bulbs,  as  we  have  seen,-  appeared  to  be  more  separated. 
That,  on  the  contrary,  in  the  fibrous  layer  little  or  no  disturbance 
occurs,  will  not  appear  strange,  when  we  consider  how  well  the 
structure  and  function  of  nerves  in  general  resist  extension  by  morbid 
tumours  or  from  other  causes.  Where  there  is  vital  metamorphosis 
of  matter,  change  of  form  much  more  readily  takes  place  under  the 
molecular  change,  without  disturbance,  than  in  solid  fibrous  parts, 
and  in  this  resi)ect  the  retina  has  a  great  advantage  over  the  sclerotic. 
The  changes  in  the  vitreous  humour  may  have  a  different  origin. 
They  may  depend  upon  extravasations  of  blood,  which,  perfect  as 
the  absorption  may  be,  never  leave  behind  them  an  absolutely  clear 
vitreous  humour.  Solution  of  the  as  yet  so  badly  explained  con- 
nexion of  the  vitreous  humour,  gives  rise  to  turbidity,  as  is  seen  in 

preparations.     Schweigger's  preparations  also  appeared  to  me  to  be  conclu- 
sive. 

•  Compare  also  Ileymann,  in  Archie  f,  OphtliaL^  ii.  1,  131. 
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ftumatic  injuries,  and  where  foreign  bodies  are  present :  a  slight 
read  of  india-rubber  carried  witli  a  Deedle  in  the  region  of  the 
jtmtor  traiis%^ersely  through  the  eje  of  a  rabbitj  strongly  extendi  d 
pulling  the  endsj  and  while  in  the  extended  state  cut  off  at  both 
Jes  close  to  the  eye,  contracted  (in  an  experiment  by  my  assistant, 
r,  Brondgecst)  to  a  small  bodyj  visible  with  the  ophthalmoscope  in 
ae  centre  of  the  vitreous  hnmoiirj  and  around  it  a  considerable 
irbidity  was  developed,  while  the  little  wound  of  the  membranes 
ilarly  cicatrised.  Now  the  consiiderahle  distention  of  the  vitreous 
Qonr  in  staphyloma  posticum  probably  also  causes  laceration,  at 
st  synchysis,  and  some  turbidity  is  consequently  to  be  expected,'**' 
irmlly,  in  some  cases,  an  irritative  or  intlamnaatory  condition  of  the 
aa  and  chorioidea  is  also  certaitdy  in  operation. 
We  have  now  approached  an  important  point.  The  question  is, 
iow  far  staphyloma  posticum  is  connected  with  inflammation.  It  is 
cuown  that  von  Graefe  at  first  thought  the  practical  idea  of  sclert>tico- 
borioiditis  posterior  applicable  to  it;  but  that  he  in  vain  sought,  in 
Iwo  eyes  which  he  bad  the  opportunity  of  examining  anatoraicallyi 
Jthe  proofs  of  preceding  inflammation.  \on  Graefe's  opiiiion  was 
'^tJisputed  in  various  quarters.  Stellwag  von  Carion  adhered  from  the 
beginning  to  another  opinion,  and  Ed.  von  Jaeger  soon  followed  him 
in  the  same.  According  to  them  staphyloma  posticum  is  only  the  result 

I  of  a  congenital  condition,  and  the  atrophy  connected  with  it  increases, 
jBccordiug  to  von  Jaeger,  even  with  the  eyeball  itself^  until  at  a  certain 
point  it  often  becomes  stationary.  There  is,  indeed,  some  truth  in 
this  statement.  Thus  much  is  certain,  that  the  staphyloma  posticum 
cannot  be  considered  as  a  simple  result  of  Bclerotico-chorioiditis,  and 
that  without  the  disposition,  and  that  usually  of  an  hereditary  nature, 
it  is  not  easily  developed.  Moreover,  it  must  be  admitted  that  without 
symptoms  of  irritation  or  inflammation  staphyloma  posticum  may 
attain  a  tolerably  high  degree.  But,  on  the  other  hand,  there  is  no 
doubt  that  the  morbid  distention  very  often  leads  to  irritation  and 
^pnflammation,  and  finds  therein,  with  softening  of  the  membranes,  a 
condition  of  rapid  development.  It  appears  to  me  to  be  an  error  not 
to  consider  the  eye  with  staphyloma  posticum,  combined  with  simple 
atrophy,  as  morbid,  and  a  still  greater  error  to  overlook  the  fact,  that 
when  highly  developed,  this  condition  almost  without  exception  induces 
symptoms  of  irritation,  which  still  further  threaten  the  integrity  of  tlie 
power  of  vision.     Von  Jaeger's  doubt,  whether  chorioiditis  dissemi- 
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riata  txxtir^  more  frequ^ntlj  in  highly  myopic  eyes  than  in  others, 
inrl':^']  •ajr|iri«;':«  me.  In  high  degrees  of  M  this  inflammation  is  at 
a  Cf-rtain  time  of  life  the  rule.  In  the  course  of  the  morbid  distention 
inflammation  is  n^dily  develo]ied,  which  cannot  be  considered  as  a 
new  con'Iition^  but  usually  makes  itself  known,  at  an  early  period,  u 
more  or  le.^s  distinct  irritation.  Even  in  youth,  as  Hasner  also  obserra, 
symiitoms  of  irritation  are  usually  present  even  in  alight  degrees  of 
M,  and  ophthalmosf'opic  investigation  now  reveals  to  us  capillanr 
n:tlM:iiS  of  the  nerve-surface,  and,  what  is  remarkable,  sometimes 
only  over  the  half  of  its  extent.  Probably  there  is  in  this  case,  in 
con^quencf;  of  tension  of  the  chorioideal  ring  and  of  the  lamina 
crihrosa,  some  mrrchanical  irritation,  perhaps  even  pressure  on  the 
pmall  fasciculi  of  the  optic  nerve.  Subsequently,  as  the  extent  be^ 
crjmes  gnfat4;r,  and  the  disproportionate  tension  is  augmented,  the 
phenomena  of  irritation  increase,  and  at  the  boundaries  of  the  dr- 
cum.scrihed  atrojiliy  hyperasmia  exists,  showing,  that  the  chorioidea 
Ix'fore  atrophying,  lierc  also  passes  through  a  period  of  irritation. 
I'herefore  I  cannot  a<lmit  the  existence  of  well-defined  limits  between 
the  further  drvi:lo[)mcnt  of  the  crescent,  and  the  occurrence  of  remote 
atropliied  s[)<)tH,  which  last  exclusively  von  Jaeger  considers  as  pro- 
ducts of  inflainination.  Even  the  abundant  deposition  of  pigment 
on  th(!  boun(lari(ts  of  the  crescent,  again  absorbed  in  the  progress  of 
th(!  atr()[)hy,  in  ordcjr  to  he  anew  deposited  more  extenially,  is  in 
favour  of  a  slate  of  irritation.  At  a  later  period  the  subjective  phe- 
nonieria,  also,  Ixrconie  more  characteristic,  and  in  different  parts  of 
the  funduH  oculi  atrophic  sj)ots  are  formed,  preceded  by  inflamma- 
tory act  ion  :  chorioiditis  disseminata,  I  repeat  it,  is  in  the  highest 
<icgr(»cs  of  M  at  a  more  advanced  age,  connected  with  its  normal 
(levelo[)ment.  Our  conclusion  is,  therefore,  briefly  as  follows : — that 
almost  without  exception  the  predisposition  to  the  development  of 
stai)hyh)nia  j)()sticum  exists  at  birth;  that  it  is  developed  with  sym- 
l)t()nis  of  irritati(m,  which  in  moderate  degrees  of  staphyloma  do 
not  attain  any  great  clinical  ini])ortancc;  but  that  in  the  higher  degrees 
an  inllainniatory  state  almost  always  occurs,  at  least  at  a  somewhat 
more  advanced  time  of  life,  as  a  result  and  as  a  co-operative  cause  of 
the  further  development  of  the  distention  and  of  the  atrophy. 

This  conclusion  is  certainly  not  inconsistent  with  the  fact,  that  after 
i\M\\  so  ft»w  products  of  inilammation  are  to  be  met  with.  Eor  these 
pntduct^  pass,  as  well  as  the  normal  tissue,  into  a  state  of  atrophy. 
In    this  wav  false   membranes,  as  we  see  in   the  synechia  of  the 
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8,  in  adliedions  between  the  pleursBj  and  in  other  places,  become 

aphied  and  absorbed  when  extcDded,     Even  on  tbe  cap.«ii]e  of  the 

ns  sometimes  nothing  else  remains  of  the  inflammatory  products  of 

than  some  spots  of  pigment.     In  staphyloma  post  icnm  the  in- 

amation  exists  almost  as  the  transition  period  to  atrophy.     That 

general  no  adhesion  of  the  membranes  is  met  with  is  also  ea.^ily 

concileable  to  tliia   view.      Adhesions   are^   however,   sometimes 

bund,  and  it  is  questionable^  whether,  in  general,  the  separation 

>uld  be  BO  easily  obtained  if  the  chorioidca  before  passing  into  the 

ophic  form,  had  not  been  imbibed  with  parenchymatous  exudation* 

loreover,  as  IL  Mueller*  states,  the  tissue  of  t!ie  chorioidca  in  thein- 

rvascular  spaces  exhibits  in  staphyloma  posticum,  groups  of  ceJlular 

lies,  which  he  considers  to  be  also  in  favour  of  the  pre-existence 

inflammation.     Finally,  the  analogy   with  staphyloma   anticum, 

ihich  is  evidently  the  result  of  influiiimatioii,  is  not  to  be  denied. 

Another  important  question  is,  in  what  the  predisposition  to  sta- 
phyloma posticum  may  consist.  It  appears  to  be  as  yet  not  satisfac- 
torily solved;  at  least  1  have  no  decided  opinion  on  the  subject.  The 
relative  number  of  adults  in  whom  we  can  ophthalmoscopicaUy  per- 
ceive more  or  less  atrophyj  is  much  greater  than  that  in  chihken.  Von 
Jaeger  is  certainly  quite  right  in  asserting  that  something  of  atrophy 
lb  occasionally  to  be  seen  in  young  children ;  1  even  readily  admit,  that 
TC  has  himself  found  defined  crescentic  atrophy  in  newly -horn  infants, 
both  during  life  and  in  the  dead  body  ;  but  the  rule  is,  that  we  see 
nothing  of  the  kind,  although  atrophy  at  a  later  period  makes  its 
appearance,  and  though  in  all  probability  there  was  an  hereditary  ten- 
dency to  it.  This  leads  us,  I  think,  to  the  conclusion,  that  in  these 
cases,  the  resistance  at  the  outside  of  the  optic  nerve  was  originally 
less  than  in  the  un predisposed  eye.  Wow,  this  predisposition  has  been 
brought  into  connexioii  with  the  history  of  the  development  of  the  eye. 
If  we  look  at  the  drawing  given  in  the  Archiv  Jur  OpWialmoloyie 
(Bd,  IV.  I,  39)  by  von  Ammon,  of  the  protU' 
herantia  icietaih^  described  by  him  thirty-five 
lyears  previously,  as  existing  at  a  certain  period 
■*of  the  foetal  eye,  which  is  here  reproduced  as 
Pig.  148,  the  form  of  staphyloma  posticum  is 
at  once  suggested  to  the  mind.  Von  Ammon 
states,  that  in  an  early  period  of  foetal  existence 
the  sclera  is  still  open  at  the  cerebral  side; 
•  FerhandL  der  ph^a.  nwd.  Qeaelhchafl^  Bd,  in 
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that  it  then  has  the  form  of  a  cup,  and  is  coanect'C^  hj\ 
opening  with  the  anterior  cerebral  cell.  This  opening  is  clo 
tissue  proceeding  from  the  marginsj  and  as  the  eje  becomes  ] 
the  snpplementaiy  tissae  forms  the  protuberance  in  qu 
which  i5,  according  to  von  Ammon,  directed  at  first  dowBwa 
but  subsequently  backwards  and  outwards,  as  it  is  here  repre- 
sented. Von  Ammon  ^dda,  that  the  different  membranes 
tlie  said  opening  nearly  at  the  same  time.  In  the  first  pii 
there  is  brought  into  connexion  with  this  mode  of  developn 
the  colohoma  chorioide«e,  which  as  a  defect  of  the  chorioidea,  ] 
ceeding  from  the  nerve-surface,  extends  inferiorly,  whether  over  < 
a  small  extent,  or  over  the  whole  chorioidea,  and  may  now  i 
even  with  coloboma  iridis,*  We  have  here,  therefore,  an  ordin 
arrest  of  development.  And  as  such  Stellwag  von  Canon  and  Ed,  von 
Jaeger  also  consider  the  disposition  to  staphyloma  posticum,  and  m 
a  certain  sense  staphyloma  posticum  itself*  The  arrest  of  develop- 
ment is  here  only  much  less,  anil  might  be  limited  even  to  a  shgfat 
remnant  of  the  protuberantia  sclerahf?.  The  direction  of  the  atro- 
phy, indeed,  corresponds  to  that  of  the  already  fuUy-closed  protu- 
berantia sclenilis. 

As  I  was  already  about  to  observe^  I  am  unable,  for  want  of 
sonal  investigation,  to  give  any  opinion  upon  the  subject,  I, 
ever,  feel  myself  called  on  to  remark,  that  it  appears  to  be  chi^ 
this  idea  which  has  led  Stellwag  von  Carion  and  von  Ja^er  to 
aider  acquired  myo|]ia  as  another  condition,  and  to  start  from  ^ 
supposition  that  congenital  myopia  is  in  no  way  connected 
the  use  of  the  eyes,  and  that  it  should  be  eqnally  distributed  amfl 
all  classes  of  society.  Against  this  view  I  have  already  raised  ^ 
colties  (p.  S52),  and  1  shall  again  revert  to  them,  In  this  pla 
cannot  avoid  observing,  that  if  the  connexion  with  the  protuberantia 
sclcralis  really  exists,  and  if  congenital  staphyloma  posticum,  as  well 
as  the  predisposition  to  the  same,  may  be  considered  as  an  arrest  of 
development,  this  view  does  not  invaUdate  my  statement,  that  the 
undue  use  of  the  eyes  promotes  the  occurrence  of  staphyloma  posti- 
cum. Indeed,  it  is  certain  that  if,  with  sUght  predisposition,  the 
eyes  are  much  used  for  close  work,  the  staphyloma  becomes  more 
fully  developed,  and  direct  experience  as  well  as  analogy  shows,  that 

•  CompAro  Liebreioli»  Archiv  fur  Ophthahnohgie^  Bd.  v.  ii,  241,  i.nd 
Aiia%  ^Ophthalma9copie,  Tab,  xii.  Fig.  5  j  and  Nagel,  Archiv  /itr  OphtUl 
mahffie,  Bd.  vi.  i  170. 
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jsnch  a  case  the  probability  of  transmission  to  posteriiy^  even  in  a 
[her  degrecj  is  greater  than  when  the  staphyloma  was  not  brought 
der   promoting  circumstances  to  a   state   of    further    develop- 


§  29. — TirB  Vision  of  Myopes. 

The  vision  of  myopes,  without  the  aid  of  spectacles  (of  which  alone 

m  here  speaking),  is  characterised  by  comparatively  less  acute- 
for  remote  than  for  near  objects.  We  are  already  aware  that 
depends  upon  the  circles  of  dilFusion  formed  upon  the  retina  by 

B  rays  proceeding  from  remote  points.  Myopes  have  a  farthest 
I  int  of  distinct  vision,  and  the   rajs    proceeding   from   a  point 

mated  there,  can  unite  upon  the  retina  into  one  point ;  with 
I  tpeci  to  more   remote   points,   the  circles   of  diffusion   become 

eiter^  and  vision  consequently  becomes  more  imlistiuctj  the  greater 

B  distance  is.  In  slight  degrees  of  M  this  indistinctness  is  so 
I  fling  that  the  persons  affected  with  it  have  not  observed  it,  and  it 
lnot  until  they  employ  a  weak  concave  glass  that  it  appears  that 

ley  are  thus  enabled  to  see  more  distinctly  at  a  distance,  and  are 
I  nsequently  myopic.     In  these  slight  degrees  myopia  is  attended 

ith  no  inconvenience.     Against  the  disadvantage,  that  at  a  great 

Itance  vision  is  not  perfectly  accurate,  is  the  advantage  that,  tlic 
I  ^ge  of  accommodation  being  equal,  very  small  objects  brought 

jser  to  the  eye,  and  therefore,  under  a  greater  visual  angle,  can  be 
Kter  distinguished,  and  that  when  at  a  more  advanced  period  of 
k  the  range  of  accommodation  is  diminished,  ordinary  work  can  be 
JPI  longer  performed  without  spectacles.     Even  with  a  myopia  of 

k»  in  which,  at  the  distance  of  eighteen  inches,  accurate  images  are 

pi  obtained,  the  anomaly  is,  in  most  kinds  of  work,  attended  with 

k  inconvenience.     In  somewhat  higher  degrees  myopes  have,  at 

wt  in  youth,  with  perfect  accommodation,  a  tendency  to  approach 

er  than  is  necessary  to  the  objects,  and   thus,  particularly  at 

Jentary   work,  to   assume  a  stooping  position.     If  tlie  myopia 

lounts  to  —   to    -,  or  more,  this  occurs  without  exception ;  of 
10         o 

rse,  to  a  greater  extent,  the  higher  the  degree  of  the  myopia  is. 

5th  increasing  myopia,  too,  the  fancy  increases  of  occupying  one's- 

with  small  objects :  persons  so  affected  read  by  preference  small 
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print ;  they  accuBtom  tUemselTes  to  small  Imndwiitiiig*  and  as  i 
B«  possible  avoid  long  lines.     It  is  evident  tkul  in  doing  so  thq  i 
able  to  see  more  at  once,  and,  for  e]Lan]pley  in  reading,  they  need  \ 
move  the  eyes  and  head  so  much  as  when  they  liave  broad  pages  i 
large  letters  before  them.     It  is  not  nntil  the  objects  dimin 
magnitude  in  proportion  as  the  distance  becomes  less,  that  mjopic  j 
on  a  par  with  non-myopic  individuals,  and  with  ec|ual  acut 
vision  distinguish  those  objects  equally  well.     However^  as  we  j 
hereafter  see  more  fully,  in  the  higliest  degrees  of  myopia  the  i 
ness  of  vision  is  imperfect,  and  although  those  labouring  under  tlj 
can  distinguish  very  small  objects  still  better  than  non-myoiies,  t 
must  in  reference  to  the  distance  be  really  somewhat  larger; 
moreover,  a  very  great  inconvenience,  that  a  bent  position, 
binocular  vidon  is  not  aacriiiced,  particularly  great  conTergence^l 
not  to  be  avoided,  an  inconvenience  which  is  attended  with  j 
injury,  inasmuch  as  the  further  development  of  the  myopia  is  i 
promoted. 

Much  greater  still,  in  these  high  degrees  of  M,  is  the  mo 
venience  of  indistinct  vision  at  a  distance.     The    emmetrope  i 
form  an  idea  of  it  by  holding  before  his  eye  a  strongly  convex  j 
and  he  will  be  surprises!  how  quietly  myopes  usually  submit  to  1 
fate.   But  at  the  same  time,  many  peculiarities  developed  in  myo 
unless  they  early  accustom  themselves  to  the  use  of  spectacles,  will  j 
longer  be  an  enigma  to  him. 

The  circles  of  diffusion  in  vision  at  a  distance  are  the  gxtatSj 
because  in  myopes  the  diameter  of  the  pupil,  as  even  Porterfield  and 
JurJn  were  aware,  is  in  general  larger  than  in  non-myopic  persoo^ 
and  to  this  magnitude  the  circles  of  diffusion  are  proportion 
Therefore  myopes  under  mydriasis  see  very  badly  at  a 
With  a  bright  liglit  they  see  remote  objects  much  more  distinc 
and  therefore  also  at  a  more  advanced  time  of  hfe,  the  degree 
of  M  being  uncliaQged,  they  distinguish  better  at  a  distance,  whick 
often  makes  them  incorrectly  infer  that  the  degree  of  the  myopii 
is  diminished.  Myopes  now  also  distinguish  much  more  accu- 
rately  beyond  their  farthest  point,  when  they  look  through  a  smaD 
opening,  and  in  the  highest  degrees  of  myopia,  as  will  hereafter  be 
seen,  even  practical  use  may  be  made  of  this  fact*  The  Calabar 
beiin,  too,  which,  dropped  in  solution  into  the  eye,  has  the  remark- 
able property  of  constricting  the  jjupil,  is  thus  serviceable  to  them: 
on  very  shght  action  of  this  agent  the  pupil  becomes  narrow,  without 
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casing  the  rajopia,  and  whcB  the  remedj  acts  more  powerfully, 

Wrthest  point,  which  had  at  first  approached  the  eye,  after  an 

'  returns  to  its  normal  condition.  Among  the  early  scholars  many 

pes  were  to  be  found*    In  this  number  was  Decliales,*  a  Jesuit  of 

seventeenth  century,  who  has  with  wonderful  accuracy  described 

ly  peculinrities  of  myopic  vision.     In  church  he  saw  very  remote 

e  flames  as  round  circles  of  diffusion,  and  thereupon  studied  his 

»ptic  spectrum,   which  he  perfectly  understood.     He   was  also 

*,,  and  explained  the  fact  very  correctly  by  the  diminution  of  (he 

[es  of  diffusion,  that  myopes  distiniruish  more  accurately  through 

lall  opening,  and  with  respect  fo  the  miuence  of  the  approxima- 

of  the  eyelids  he  commtinicutes  some  particulars,  which  are  not 

met  with  even  in  later  writers.    Thus,  regarding  this  point,  he 

TV 65,  that,  properly  speaking,  only  the  vertical  dimension  of  the 

cles  of  diffusion  thereby  disappears,  so  that  horizontal  lines  are  better 

but  that  also  the  horizontal  extension  of  vertical  lines  issomewdiat 

ided  by  the  cilia,  so  that  a  number  of  images  arc  seen  close  to  one 

ther,  of  which  one  is  usually  distinguished  by  particular  clearness. 

ly  myopes  have  so  very  much  acctistomeJ  themselves  to  approxi- 

te  the  eyelids  that  it  actually  belonged  to  thrir  pliysiognomy,  and 

it  they  persevere  in  doing  so,  even  when  the  use  of  concave  spect^- 

»  makes  it  superHuous :  tliia  reminds  us  of  the  involuntary  ten- 

n  of  accomraodationj  sometimes  even  combined  with  stral)ismTis,  of 

ing  persons  whose  H  has  been  corrected  by  a  convex  glass.     Iji 

[>iig  myopia  the  imperfect  vision  has,  even  at  a  short  distance^ 

pSniliar  results.     Those  affected  with  it  seldom  fix  the  jiersons  to 

irhom    they    speak,    berausn    they    imperfectly    ilistinguish    their 

Htures;   they  have  in  general  no  correct  idea  of  the  impression 

HUi  their  person  and  their  words  make  upon  another,  and,  accord- 

flpV  their  original  disposition,  a  pceidiar  freeness  and  too  great 

B-confidence,  or  else,  what  is  rarer,  a  more  than  ordinary  bash  fulness, 

TO  thence  not  unfrequeiitly  developed.     In  their  b(*ariug,  and  often 

klso  in  their  gait,  a  certain  awkwardness  is  frequently  manifested,  by 

ich  some  are  recognised  at  a  distance.    Finally,  much  more  of  what 

s  in  the  world  escapes  them  than  they  themselves  are  aware  of, 

with  respect  to  a  number  of  things  their  knowledge  is  le^  cor- 

,  because  they  fill  up  what  is  deficient  through  the  operation  of  a 

k  imagination.     Cardanns  asserts  that  myopes  are  particularly 

rous,  because  that  not  obser\ing  defects^  they  look  n]>on  Iniman 

•   Cnnus  *♦  mundui  ntathemaiirttit,  T.  III.  ji.  3Ra, 
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beings  as  angels.   The  starry  heavens  ihej  also  see  in  e%t 
splendour. 

In  point  t/f  acuteneas  of  Yision  myopes  are  in  general  infe 
erametrope^.    In  low  degrees  of  M  tlie  difference  is  extremely  j 
but  in  the  higher  degrees  it  is,  at  least  in  adTancing  years, 
able,  even  without  the  myopia  being  combined  with  onn^ual  i 

changes*    Wliere  M  is  >  g,  S  is  often  imperfect,  miless  the  mji 
is  congenital^  and  the  individual  is  still  very  young.    In  myopia; 

imperfection  is  the  rule;  in  myopia >  -  it  is  the  rule  probablj i 

out  exception.     Especially  in  high  degrees  of  myopia  8 
with  the  increase  of  years  much  more  rapidly  than  in  E. 

M  ^  jOT  ^,  S  at  sixty  years  of  age  usually  amounts  to  not 

than  ^.     The  cause  of  diminished  S  in  myopes  is  evident 

the  retinal  images,  indeed,  are  larger  for  equal  angles,  under  wl 
the  objects  are  seeBj  because  the  distance  from  the  nodal  point  to 
retina  is  greater ;  but,  on  the  other  hand,  the  surface  of  the  reti] 
also  larger,  and  therefore  in  a  given  plane  comprises  fewer  i)erci] 
dements.  Where  there  is  perfect  compensation  of  these  two  factors 
an  equal  number  of  percipient  elements  could  now,  the  visual  angiei 
being  equal,  be  iQipinged  ujjon,  and  S  may  thus  remain  equal.  But  the 
extcDsion  affects  especially  the  posterior  pole,  also  occupies  principallj 
the  region  of  tlic  yellow  spot,  and  for  direct  \Tsion,  therefore,  perfect 
compensation  is  not  to  be  expected,  ev^en  when  the  extension  pro- 
duces no  fui-thcr  disturbance  in  the  function  of  the  different  ele- 
ments. We  hnd  here  in  view  the  detennination  of  the  acuteness  of 
vision  applied  to  objects  situated  witliin  the  farthest  point  of  dis- 
tinct vision.  The  determination  with  the  aid  of  objects  situated  at 
a  greater  distance,  and  seen  with  correcting  glasses,  proves  still  more 
thsadvantageous,  because  i*'  thereby  approaches  the  retina. 

With  the  increase  of  the  myopia,  the  same  objects  at  an  equal  dis- 
tance are  undoubtedly  seen  by  degrees  with  a  smaller  portion  of  (lie 
percipient  elementSt  As  this  has  occurred  gradually,  the  e)e  has, 
during  its  occurrence,  accustomed  itself  to  it,  and  the  magnitude  of 
an  object  is  now  also,  even  on  the  fixing  of  a  single  point,  iuvariablj 
correctly  estimated,  and  the  finger,  when  it  is  wished  to  touch 
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goes  right  to  its  boundaries.  The  ext^-iision  has,  moreover,  hatt  this 
fesiilt^  thsit  the  original  eouiiexioo  hetweeo  the  amount  of  the  njys- 
cular  action  required  and  the  number  of  percipient  eletneiitSj  which 
thereby  consecutivelj  receive  the  image  of  a  certain  point,  i.s  uiodilietl^ 
and  nevertheless  the  harmony  has  been  preserved,  so  that  on  move- 
ment of  the  eye  no  apparent  movement  of  the  object  is  seen.  We 
cannot  therefore,  properly  say,  that  the  myope,  who  sees  the  same 
object  at  an  equal  distance  with  fewer  percipient  elements,  actually  j>/'^- 
jecU  U  smaller  in  appearance  oulwards  ;  he  undoubtedly  sees  it  l^B 
vleiy,  but  the  idea  which  he  forms  of  the  magnitude  is  not  deter- 

lined  simply  by  the  numbt^r  of  affected  percipient  elements,  but  is 
the  result  of  a  very  coraphcated  psychical  process,  to  which  a  number 
of  factors  contribute.  In  any  case  we  are  justified  in  coming  to 
the  remarkable  conclusion,  lliat  in  consequence  of  slowly  progres- 
sive displacement  by  extension,  a  point  of  the  retina  is  projected 
outwards  in  a  direction  dilTerent  from  that  originally  belonging  to  it, 
and  we  hence  infer  that  the  direction  of  projection  is  not  absolutely 
congenital,  but  that  it  has  been  developed  in  connexion  with  other 
means  of  observation. 

That  myopes  are  possessed  of  a  normal  power  of  accommodation 

m\d  be  overlooked  only  by  confounding  the  region  and  the  range  of 
accommodation.  Some  early  writers  have  fully  comprehended  this, 
and  even  in  Smith*  we  find  it  expressly  stated.  It  is  also  satisfac- 
torily seen  when  we  neutralise  the  rnyopia,  whereupon  young  my- 
opes see  ne^r  objects  perfectly  well,  distinguish  acutely  at  a  few  inches 
from  the  eye,  and  are  at  the  same  time  in  a  condition  to  see  remote 
objects^iccurately.  We  have,  too,  already  remarked  that  the  range 
of  accommodation  of  myopes  appears  to  be  equal  to  tliat  of  emme- 
tropes;  but  in  the  highest  degrees,  in  which  the  musculus  ciliaris  and 
sometimes  also  the  nervicibares  are  atrophied,  the  power  of  accom- 
modation diminishes  and  is  at  last  wholly  aniiibilated  :  this,  however, 
happens  at  an  age  when,  moreover,  this  power  has  been  almost  quite 
lost*  We  have,  too^  already  calculated  what  range  of  acconmiodation, 
with  difference  in  length  of  the  visual  axis,  corresponds  to  a  certain 
change  of  the  crystalline  lens,  and  we  found  that  myopes,  on  account  of 
their  longer  visual  axis,  are  in  tliis  respect  somewhat  in  the  background 
(Compare  pp,  05,  96).  On  the  other  lumd,  the  use  of  concave  glasses 
haa  an  advantageous  influence,  and  therefore  has  a  compensating  effect. 
Such  small  quantities  are  here,  however,  in  question,  that  this  cannot 
•  Complete  SytUm  of  OpficSf  Cambridge,  1 738. 
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appear  in  practice.  Of  much  greatcF  importance  is  the  difference  i 
the  relative  range  of  accommodation  between  emmetropic  and  i 
tropic  eyes,  which  I  have  fully  explained  (pp,  119^^/  seq.).  Under  J 
somewhat  different  form  it  may  here  be  briefly  remarked  in  reference  t 
this  point,  that  myopes  (contrary  to  what  we  find  in  hypermetropes) 
with  slight  convergence  C4in  manage  a  comparatively  small  part  of 
their  power  of  accommodation ;  but  are  therefore  also  in  a  better 
state,  witli  convergence  for  their  farthest  point  of  distinct  vision,  to 
omit  all  tension  of  accommodation ;  their  efl'ort  was  of  course  always  to 
keep  the  bioocular  farthest  point  removed  as  far  as  possible  from  i 
eye. — In  myopes,  moreover,  the  range  of  accommodation  diminiahes 
with  age  in  the  same  manner  as  in  emmetropes.  A  glance  at  Fignrea 
125,  JMf  and  1^7  shows  this  directly.  True  presbyopia,  which  we 
made  to  commence  when  p^  lies  farther  than  8"  from  the  eje,  can  of 

course  occur  only  when  M  is  <  t^  . 


§  SO.    COMPI.AINTS    AND    DiSTUftBANCES    IN    MyoPIA, 

Slight  degrees  of  M  give  rise  to  no  complaints.     In  youth  the  in- 
ferior acuteness  of  vision  at  a  distance  passes  almost  unobserved,  and 
at  the  fiftieth,  sometimes  at  the  sixtieth  year,  when  the  narrower 
pupil  makes  remote  objects  more  distinct,  we  he^r  only  boasting  and 
praise  of  the  excellent  \ision  for  near  objects.     Myopic  eye^t  have^j 
consequently  acquired  the  reputation  of  strength   and  excelleiic^jH 
which,  on  unprejudiced  examination,  they  cannot  maintain.    A  slighl^^ 
degree  of  M  may  have  its  advantages  for  men  engaged  in  study  or     i 
mionte  work,  high  degrees  are  combined  with  disturbances  whid^^ 
often  make  themselves  only  too  plainly  felt  at  an  advanced  period 
of  life-    Tiie  condition  itself,  in  youth  may  be  verj^  tolerable ;  the^ 
prospect  is  often  gloomy. 

But  even  in  youth  many  myopes  complain  of  inconvenience  fron 
continued  tension,  lliere  is  then  a  state  of  irritatioii  which  appears  ' 
be  combined  with  hypenemia,  both  of  the  external  eye  and  of  the 
internal  parts.  At  a  later  period,  especially  when  the  eyes  are  very 
prominent,  and  probably,  in  consequence  of  tension  of  the  extended 
muscles,  are  somewhat  harder  than  is  normally  the  case,  such  a 
st^ite  of  irritation  may  become  habitual,  and  may  even  be  combined 
with  a  tronUesome  irritation  of  the  eyelids.  Especially  when  the 
mytjpta  in  a  certain  period  rapidly  attiiins  a  higher  degree,  pain  and 
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itigue  of  the  eyes,  particularly  by  artificial  light,  are  macTi  com- 
Jainecl  of* 

Where  high  degrees  of  M  are  in  question,  there  is  added  to  this 
tate  of  irritation  a  certain  spasm  of  accommodation,  so  that  now  a 
higher  degree  of  M  is  met  with,  which  on  the  yielding  of  the 
itation,  especijJly  after  a  Hcurtekupian  abstraction  of  blood,  and 
stay  in  the  dark,  again  gives  way.  Professor  Juiige,  of  Petersburg, 
called  my  attention  to  thia  fact,  and  I  have,  in  different  instances, 
11  nd  it  confirmed.  In  other  cases  the  myopia  gradually  attains  a 
ry  high  degree,  without  the  occurrence  of  any  other  disturbance 
an  imperfect  vision  at  a  distance.  Indeed,  when  we  consider  the 
ngcs  wiiich  the  fundus  oculi  has  undergoDCj  we  are  often  sur- 
at  the  flight  disturbance  connected  therewith.  Tbe  explana- 
lon  of  this  is  to  be  sought  in  the  fact  that  when  important  structu- 
tal  changes  of  the  chorioidea  arise  slowly^  the  retina  undergoes  but 
little  disturbance,  and  that,  moreover,  diminished  acuteness  of  sight 
on  indirect  vision  is  not  apt  to  cause  much  inconvenience.  Even 
with  tbe  marbled  atrophic  white  and  velloW'Speckled  appearance, 
jbxtending  in  a  girdle  from  the  outside  of  the  crescent  through  the 
KgioQ  of  the  yellow  spot,  direct  vision  soaietimes  still  retains  its 
fconnal  acuteness,  and  the  imperfection  of  indirect  vision  is  scarcely 
pbserved.  However,  in  extensive  diffuse  atrophy  beyond  the 
crescent  this  is  exceptional.  But  the  distnrbance  of  vision  is 
ranch  gre^iter  when,  as  is  often  the  case,  the  existing  tension  and  ex- 
tension give  rise  to  a  state  of  general  irritation  of  the  retina.  This 
is  the  proper  amblyopia  of  myopes.  It  soDietimes  attains  in  a  short 
time  a  tolerably  high  degree,  and  is  again  capable  of  improvement 
|On  the  employment  of  suitable  treatment.  Yon  Graefe*  considers 
LC  prognosis  in  this  form  of  amblyopia  to  be  even  comparatively  very 
ivonrable,  and  I  quite  agree  with  him  if  our  object  be  hmited  to 
►btaining  a  temporary  improvement.  But  in  high  degrees  of 
lyopia,  relapse  and  eventual  aggravation  of  the  affection  are  always 
be  expected.  Besides  the  dimmished  S,  the  rapid  supervention  of 
tigue,  a  feeling  of  tension  in  the  eye,  sometimes  pain  on  pressure, 
nd  moreover  pbotopsia  and  muscfe  volitantes  are  connected  with 
this  condition*  These  last  two  phenomena  often  in  myopia  consti- 
tute a  pcnnaneiit  source  of  complaint,  even  when  no  particnlar 
«tate  of  irritation  and  no  extraordinary  diminution  of  the  sharpness 
vision   exist.      Ordinary  muscie  volitantes,  as  T    have  already 
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explidned  (pp.197  ci  ieq)^  are  uot  attended  with  aiij  e8K&ti&lsnoai^^ 
nienoe:  they  arc  depciidejit  ou  microscoijicallj  stmall  bo^, 
in  every  one  float  ia  the  vitreous  humour.     Mjopes  are^  ho- 
troubled  with  tbeiri  more  than  otbtrs*     lu  the  circJea  of  diffuaita* 
smaller  surfaces  of  light,  they  exhibit  ihe^nsejvea  with  eitiaorfiM? 
distinctness^  aod  in  general  the  more  diffuse  liDifonn  aspect  d  Ut 
.objectfl  is  a  coiiditiou  uuder  which  they  appear  more  distinct.   U 
rnon-myopcfl  they  are  sei^u  indeed  also   mostly  on  umfurmlj  iUitJ* 
iiated  surfaces,  while  no  other  forms  are  depicted  on  the  «ti«. 
Thereforei  too^  myopes  find  a  diminution  of  this  sjniptom  fiR«ib 
use  of  concave  glasses^  which  remove  the  uniform  diffuse  appcfiiav 
of  the  objects.     But  often  the  complaints  continuje,  especisily  tlia 
tlie  patients  are  unensy  about  the  symptom,  and  have  onceacai» 
toioed  themselves  to  attend  to  it.     1  have  seen  iBstanoes  in  lliii 
anxiety    about  muscsc  volitantes    amounted    to   true   monomA 
against  which  all  reasoning  and  the  most  direct  demonstrations  wcrt 
in  vain.     Tliis  is  especially  the  case  when  morbid    diangcs  id  tk 
vitreous  humour  have  supervened.     We  must  admit  the  ejQstenoe< 
morbid  changes  so  soon  as  we  cau  with  the  ophthalmoscope 
turbidities  in  the  vitreous  humour.    To  these  a  real  patholo|^ 
portance  is  to  be  attached.    The  ordinary  corpuscles  are  too  smsS 
be  ophthalmoscopically  visible,  and  therefore  whenever  forms  ap] 
we  must  admit  the  existence  of  abnorm^  products,  the  origin  of  « 
has   been  above  explained  (§  28).     In  inflammatory  irritation  thff 
are  certainly  almost  always  to  be  considered  as  the  results  of  exudatioa 
Such  forms,  also,    arise   and    disappear,  independently  of  myopia* 
in  consequence  of  kyVhtis  and  chorioiditis  anterior;  in  myopia  tbcj 
are  usually  situated  more  deeply  in  the  vitreous  humour,  sometii 
even  in  connexion  with  the  surface  of  the  optic  nerve,*  and 
scarcely  ever  disappear.    In  order  to  see  them^  the  obsen^'ed  eye 
be  directed  downwards,  and  suddenly  rai:?ed  to  the  point  at  which 
again  look  through  the  plane  of  the  }>u]nl,  in  which  case  we  usuaOj 
observe  them  rapidly  tlonting  past.     Tbe  depth  of  their  position 
be  determined  from  the  glass  with  mhich  they  are  seen,  and  finm 
distance  from   the  eye  at  which  the  observer  must  place  himi 
Usually,  they   are   long  and  tibrous,  or  granular,  sometimes  also 


I 

iJsa  1 


•  lu  reference  to  this  situatioD,  I  have  occasionally  thought  there  might 
be  a  remnant  of  the  artery  running  in  the  foetal  state  to'^the  capsule  of  tito 
lens,  which  hofi  been  seen  by  tome,  but  the  brown  flake  did  not  extead  lar 
in  the  vitreous  bod  v. 
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perhaps  ineDabranous,— The  secopd  complaint  we  mentioued  was 
photopsia.  This  in  general  accompanies  the  more  acute  arnbljopic 
Bjinptoms  of  myopes ;  but  sometimes  it  coutiiiuci^  coustantlj  present 
in  high  degrees  of  myopia,  and  yields  to  no  treatment  whatever, 
Ophthalmoscopically  we  then  usually  ohserve  diffuse  atrophy,  com- 
bined with  wliite  spots  and  so-called  pigmcnt-muceratioiij  the  origin 
of  which  is  also  not  unconnected  with  inflammatory  action. — Nervous 
persons  are  sometimes  very  much  depressed  by  the  constant  pheno- 
mena of  light,  which  are  still  more  troublesome  in  the  dark  than  in 
the  daylight.  I  beheve,  too,  that  they  must  be  looked  upon  as  an  un- 
favourable sign,  because  they  in  every  case  indicate  persistent  irrita- 
tioD  from  increasing  tension  and  ihstention,  or  from  inflammatory 
action ;  btit  still  1  have  found  that  the  power  of  vision  may  with 
them  long  remain  tolerably  uniform.  The  principal  point  will  be, 
bow  far  the  atrophy  extends  in  the  region  of  the  yeUow  spot. 

Besides  the  amblyopia  dependent  on  supervening  irritation,  the 
acuteness  of  vision  is  in  general,  as  we  remfuked  in  the  preceding 
paragraph,  diminished  in  high  degrees  of  myopia ;  but  on  this  point 
little  complaint  is  made.  As  myopes  can  hold  objects  so  much 
closer  to  the  eye,  and  thus  look  under  a  greiiter  risuul  angle,  they 
can  still  very  long  sufficiently  distinguish  them,  and  from  distant 
vision  they  have  never  required  much.  In  general,  therefore,  they 
do  not  apply  to  the  oculist,  until  a  disproportionate  disturbance 
takes  place  in  direct  vision.  They  then  complain  of  obscurity  in 
reading  and  writing,  of  a  dimne^  or  glimmering  which  lies  over  the 
letters,  of  truncated  letters,  or  of  total  absence  of  others ;  of  total 
inability  to  see  correctly  what  they  fix.  Often  this  is  preceded 
by  the  curved  appearance  of  line^,  which  indicates  a  disproportionate 
displacement  or  transposition  forwards  of  a  part  of  the  percipient 
elements*  Where  these  complaints  arise  in  myopes,  we  always  find 
also  one  or  other  of  the  above-described  changes  in  the  yellow  spot. 
In  this  region  there  are  almost  invariably  to  be  seen  wliitisli  spots, 
little  accumulations  of  pigment,  and  other  proofs  of  atrojihic 
degeneration,  even  before  any  complaint  is  made.  Usually  the 
degeneration  of  the  yellow  spot  sets  in  much  earher  in  one  than  in 
the  other  eye  j  but  while  we  see  it  tolerably  complete  in  the  one, 
precisely  the  clianges  just  mentioned  appear  in  tlie  second  eve,  and 
foretell  but  too  certainly,  that  after  a  few  years  direct  vision  will 
here  ako  be  lost.  Against  the  progress  of  this  degeneration  we  can 
by  hygienic  measures  do  comparatively  little,  and  by  proper  medical 
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tratmeot  notliing  whatever.     It  is  true  that  ev^en  now  the  acateneai 
of  viaion  sometime!!  improves ;  bat  in  thia  caae  we  must  iinppose  that 
the  disturbance  was  dependeot  rather  od  irrifudon  of  the  retint, 
tupenrening   ou    the   atrophy:    the  atrophy   it^lf  runs   regulailj 
through  its  courae,  and  combating  the  attendant  symptoms  of  tnita^ 
tion  can  at  most  retard  this  course.     The  dimness  which  was  coin- 
plained  of,  sometimes  continues  for  a  long  time  almost  unchanged, 
until  in  a  few  days  or  weeks  reading  becomes  wholly  impossible.  This 
doea  not  always  indicate  a  really  quicker  dcTelopment.     The  latter, 
indeed,  occurs,  and  sometimes  even  a  locxd  effusion  of  blood  in  the 
yellow  spot  puts  an  end  at  once  to  direct  vision ;  but  in  general  it  is 
only  the  extension  to  the  fovea  centralis,  which  so  rapidly  injures  the 
acuteness  of  vision.     In  fact,  there  have  been  almost  always  long 
l)efore  numerous  little  blind  spots  scattered  here  and  there  in  the  M 
retina,  and  particularly  around  the  fovea  centralis.     They  s^ometimes  ■ 
even  extend  into  a  part  of  the  fovea  centralis,  which  in  another  part 
still  oontinucs  available.     Peculiar  phenomena  may  be  produced  by 
these  groups  of  scotomata :  thus  I  have  seen  cases  in  which  very  ■ 
small  print  was  more  easily  and  more  quickly  read  than  a  larger  one,  I 
bec^iine  of  the  latter  a  whole  word  was  never  seen  at  once,  and  even 
larger  letters  were  only  partly  visible.     The  glimmering  complainetl 
of  is  entirely  due  t^  the  fact,  that  in  slight  movements  of  the  eye  the 
letters  form  their  images  alternately  on  sensitive  and  insensitive  parts, 
and  thus  cnch  time  come  and  disappear,  sometimes  with  change  of 
form,  according  to  irregular  displacement  of  the  percipient  elementa. 
So  long  as  the  fovea  centralis  stilt  fixes^  the  patients  can  themselves 
very  well  project  their  srotoniata  on  a  surface,  for  example,  on  a 
sheet  of  paper,    and   fixing  a  given   point,  can   circumscribe   the 
boundaries  of  the  blind  spots  with  a  strongly -contrasting  object.     In 
this  manner  we  can  satisfy  ourselves  as  to  the  existence  of  these 
groups  of  scotomata  in  the  region  of  the  yellow  spot,  without  the 
fovea  centralis  being  as  yet  affected  and  reading  having  become  an 
impossibility. 

Tlie  scotomata  in  question  are  little  limitations  of  the  field  of 
vision.  We  «*hould  suppose  that  they  must  exhibit  themseJves  as 
black  spots,  This^  however,  they  do  not  j  almost  invariably  they 
are  seen  only  more  or  less  distinctly  as  grey  spots.  They  approach 
in  this  resiM?ct  tha  undefined  non-rmoH^  the  hiatus  in  the  field  of 
vision,  which  is  projected  through  the  nerve-surface,  and  this  is,  in 
fact,  to  be  compared  with  the  portion  of  space  lying  beyond  our 
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howevcFj  local  scotomata  of  the  retina  ; 
appear  black,  is  certainly  strange^  the  more  so  because  that  with 
resj>ect  to  them,  we  cannot  think  of  subjective  action,  which  in  list 
exliibit  itself  in  the  diirk  or  in  closed  ejes  as  hght. 

In  connexion  with  scotomataj  it  seems  fit  here  to  state  some 
facts  with  rcft^rence  to  limitation  of  the  field  of  vision  in  gene-i 
ral.  Even  long  ago  some  knowledge  existed  on  this  subject, 
Mariotte  discovered  the  blind  spot  named  after  him,  which 
diaeovery  attracted  much  attention  ai  the  time,  and  gave  rise 
various  theories.  Latterly,  too,  it  hjis  often  been  treated  of*  De 
terminations  of  its  magnitude  and  position  might  have  led  to  the 
inference,  that  it  corresponds  to  the  nerve-surface,  before  I  had 
shown  that  a  little  image  of  a  flame,  thrown  with  the  ophthalmoscope 
upon  this  surface,  actually  does  not  become  visible  to  the  eye  under 
examination,  until  it  passes  the  bounds  of  the  nerve- surface.  It  was  i 
lO^Ti,  too,  that  the  field  of  vision  is  sometimes  partly  lost,  and 
miopia  and  visus  dimidiatus  were  spoken  of.  But  I  believe  I  am 
correct  in  stating  that  the  systematic  investigation  of  the  limits  of 
the  field  of  vision  in  amblyopia  was  first  introduced  into  practice  by 
von  Graefe,*     Dr.  Suellen  subsequently  applied  himielf  to  show, 

Ekhat  in  many  cases  of  amblyopia,  without  actual  limitation  and 
Irithout  scotomata,  particularly  where  ophthalmoscopic  investigation 
exhibited  no  morbid  changes,  direct  vision  is  almost  always  very 
pifich  diminished  in  the  whole  region  of  the  yellow  spot :  the 
IK)undary  ^where  the  duller  vision  begins,  is  in  these  cases  often 
tolerably  accurately  indicated  on  the  projected  field  of  vision. — 
The  bmitation  of  the  field  of  vision  is  in  general  examined  in 
^ihe  way  in  which  Mariotte  demonstrated  the  lacuna  discovered 
^By  him.  However^  the  projection  takes  place  at  a  shorter  dis- 
^Bince  (which  in  myopes  is  indeed  necessary),  in  general  at  the 
^tiiistance  of  a  foot^  unless  a  liigh  degree  of  myopia  requires  still 
greater  proximity.  In  order  to  be  able  to  preserve  the  result 
obtained,  we,  on  each  trials  make  use  of  a  separate  sheet  of  paper^  of 
a  dark-blue  colour,  70  centimetres  (274  English  inches)  in  bread thj 
and  60  (2S|  English  inches)  in  height,  which  is  fixed  in  a  frame 
and  is  thus  hung  up  vertically.  On  this  a  little  white  cross  is  now 
drawn,  and  a  small  piece  of  clean  white  chalk  fastened  in  a  long, 
dork  handle  (the  colour  of  the  paper),  is  then  moved  in  all  direc- 
•  ArckhfUr  Ophthalmologies  B.  ii. 
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t  ions  from  the  '  '  v  of  the  field  of  vtdaa^  with  a  alt^  duki^ 
motion,  towtnl-  ^ed  cross,  and  the  point  is  marked  whsetw 

chalk  aeems  to  disappear.  If  a  blind  place  is  thus  found,  we  pnoeii 
with  the  chalk  in  all  directions  from  it,  and  mark  the  points  i» 
the  chalk  begins  to  be  seen.  Thoe  points  we  connect  with  a  im 
which  now  indicates  the  boondaries  of  the  Limitation.  The  ascertaoil 
field  of  vi«ion  is  then  copied  on  a  small  scale  in  the  record  of  tk 
patient's   case,    and    the  blind   part   is    blackened-     If  a  pin d 

the  field  of  vision    is  fonnd  to  be  i^ 
Fig.  149.  sensible  to  the  white  clialk,  bat  aot  lo 

stronger  impressions  of  lights  for  exampk, 
to  those  of  a  little  dame,  this  is  indiotfii 
by  streaks  (compare  Fig.  149,  betngtb 
projection,   consequently     the    iwirhd 

image   of   a  right  eye   with  M  —  ^S 
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^,  and  limitation  of  the  field  of  fiaiea 

by  detachment  of  the  retina, — ^the  projection  reduced  for  a  distance 
of  about  18  mm.,  and  therefore  the  distance  between  the  nodal  point 
and  the  retina  being  assnmed  to  be  equal  to  18  mm.,  of  the  natonl 
size,  at  least  for  the  rentnil  parts) :  the  little  cross  signifies  the 
fixed  point,  that  is,  the  projection  of  the  fovea  centralis;  m,  tfc 
blind  spot  of  Mariotte.  It  is  e%'ideut  that  in  the  method  descriW 
the  most  external  part  of  the  field  of  vision  is  not  examined.  It\ 
geiieml,  this  is  done  with  sufficient  accuracy,  according  to  the  mode 
stated  at  page  193. 

As  limitations  more  properly  peculiar  to  myopia,  we  have,  in  add 
tion  to  the  above-mentioned  scotomataj  still  to  mentiou  chiefly  tho 
which  occur  as  amplificationB  of  the  spot  of  Mariotte;  as  wdl 
those  which  depend  on  atrophic  spots  developed  with  inflammatoij 
symptoms ;  on  detachment  of  the  retina,  in  consequence  of  exudatiQ 
and  sometimes  of  extravasation  of  blood ;  on  extravasation  of  bio 
also  in  the  tissue  of  the  retina ;  finally,  on  glaucoma. — As  to 
spot  of  Mariotte,  von  Graefe  states  that  a  magnifying  of  its  sur 
in  the  sclerotico-chorioiditis  (the  staphyloma  pos^ticum)  of  myopes  < 
always  he  demonstrated.     Von  Hasner  and  others  state  the  sama^ 
Von  Jaeger  attributes  this  to  the  displacing  inwards  of  the  optic  nerre 
asstimci!  by  him,  with  which,  of  course,  the  percipient  layer  must  I 
defective  at  the  margin  of  the  chorioideal  opening.     My  iniresttg 
tions  have  shown  that  with  a  slight  development  of  the  cresoent,  i 
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.  re  can  observe  ophthalmoscopically  with  a  little  image  of  light,  the 
leioeption  of  light  is  not  deficient  there,  but  that  in  high  d^iees 
vith  complete  atrophy  it  really  wholly,  or  almost  entirely,  disappears 
(compare  Fig.  148  n)  :  sometimes  even  we  find  again  tolerably  accn- 
rately  in  the  projected  form  that  of  the  crescent.  It  is  also  in  a 
Ifhysiological  point  of  view  not  unimportant,  that  even  in  those 
cases  the  conduction  of  the  more  pcripherically  received  stimulus 
€»f  the  retina  is  not  deficient  over  the  atrophic  crescent, — whence 
it  appears,  that  the  fibrous  layer  of  the  retina,  through  which  this 
conduction  must  take  place,  has  not  essentially  suffered. — £e- 
specting  the  smaller  and  larger  scotomata  of  the  atrophic  spots,  we 
have  no  more  to  say;  it  is  enough  that  those,  too,  do  not  inter- 
rupt the  conduction  from  more  peripheric  parts. — ^Detachment  of 
the  retina  is  one  of  the  worst  morbid  forms,  to  which  the  myopic 
eye  is  much  more  liable  than  any  other;  it  is  met  with  chiefly  in  the 
lowermost  half,  which  according  to  von  Graefe  is  to  be  ascribed  to 
the  fact,  that  when  it  occurs  in  high  parts,  it  may,  by  sinking  of  the 
fluid  be  transmitted  downwards.  Sometimes  it  is  only  to  a  slight 
extent,  and  the  retina  is  but  little  removed  from  the  chorioidea.  In 
other  instances  a  great  part,  nay  even  the  whole  retina,  may  be 
detached,  and  it  then,  according  to  the  very  correct  expression  of 
Arlt,  assumes  the  form  of  a  convolvulus-flower,  whose  stem  is  the 
optic  nerve.  When  the  detached  portion  is  of  moderate  size  it  projects 
far  enough  into  the  vitreous  humour  to  be  seen,  even  in  considerable 
M,  not  inverted,  without  a  negative,  or  even  with  a  positive  glass.  We 
recognize  it  at  once  by  its  grey  colour,  and  by  the  moveable  folds  of 
the  membrane,  on  which  the  retinal  vessels  are  very  distinctly  visible, 
at  first  even  with  difference  of  colour  of  the  arteries  and  veins.  It 
is  remarkable  that  the  perception  of  light  has  then  not  yet  ceased,  so 
that  we  must  suppose  that  the  layer  of  rods  has  separated  with  the 
retina,  and  may  in  this  state  continue  sensitive  to  the  impressions  of 
light.     A  striking  case  of  this  kind  occurred  to  me.     A  girl,'  aged 

fifteen,  with  M  =  ^  in  both  eyes,  on  a  sudden  cried  out  with  joy 

that  she  could  see  the  people  at  the  other  side  of  the  street  before 
the  window,  and  could  even  recognise  them.  Her  joy  was,  however, 
of  short  duration.  Three  days  later  the  eye  was  quite  blind,  and  I 
discovered  a  detachment  of  the  retina,  extending  through  the  yellow 
spot,  whereby  the  latter  was  pushed  forward  almost  into  the  posterior 
focus  of  the  eye.  Whether,  in  general,  in  detachment  of  the  retina, 
the  disturbance  is  very  important,  depends  chiefly  on  its  seat ;  if  thft 
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yellow  spot  is  implicated,  the  eye  k  to  be  coiisidered  as  nearly  Ic 
if  it  has  reoirtincd  free  it  is  nevertheless  ofteu  deranged  in  its  fu 
tion,  especially  when  the  detachment  extends  into  the  vicinitj 
the  spot;  but  this  disturbance  may,  under  proper  management,  i 
in  great  p«rt  give  way.     Not  uufrequently,  however,  the  detacb 
sooner  or  later  extends  still  further.     Von  Graefe  thinks  he  has  ob 
sensed  that  this  takes  place  cliiefty  when,  with  staphyloma  postic 
extensive  atrophy  exists  in  the  fuQdas  ocuh,  and  I  believe  I  mu 
agree  with  him  in  that  opinion.     But  still  I  have  seen  a  few  i 
where,  with  advanced  atrophy,  a  partial  detachment  of  the  retin 
was  for  many  years  stationary,  aud  the  acuteness  of  vision  in 
yellow  spot  was  maintained.     Well-established  cases  of  recovery 
the  spontaneous  replacement  of  the  retina  are  very  rare.     1  hafel 
seen  only  one,  in  which,  too,  a  relapse  occurred,  and  Liebreich  also 
has  described  one.*     Tliis  melancholy  result  certainly  justified 
attempt  to  effect  an  improvement  by  means  of  operation,  and  su 
has  really  in  some  cases  been  obtained.     If  the  detached  retina  1 
once  become  atrophic, — ^and  this  is  pretty  often  the  case,  as  is  appar 
from  the  disproportionate  loading  of  the  vessels,  with  pereeptib^ 
metamorphosed  blood,  the  presence  of  pigment  spots,   the  loss 
colour  and  a  certain  transparency, — discharge  of  the  fluid,  or  section 
can  have  no  other  object  than  to  prevent,  so  far  as  possible,  the  I 
ther  extension  of  the  lesion.   Almost  alw^ays  the  fluid  situated  beh 
the  retina  is  of  a  serous  nature,  more  or  less  turbid,  aud  subject  to" 
further  metamorphosis.     Such  fluid  will  here  occur,  when  it  can  be 
exuded  from  the  vessels  under  higher  pressure  than  that  to  wl 
the  vitreous  humour  is  exposed.    The  condition  for  its  formation 
know  not,  but  it  is  certain  that  when  me  retina  is  detached  the  bulb  ii 
usually  soft.    It  is  very  plausible  to  assume  that  the  extension  which 
the   retina    undergoes  in   staphyloma   posticum   may    cause  it  tiH 
be  more  easily  se]>arated  from  the  chorioidea^  and  it  seems  certaioH 
that  increasing  sta|:ihylouia  must  promote  its  further  detachment. 
In  this  state  now  the  limitntion  of  the  field  of  visiou  is  and  continues 
to  be  the  principal  phenomenon.     In  the  conmiencement  especially 
the  limitation  is  still  more  extensive  than  the  detachment,  and  olte^f 
it  seems  that  direct  vision  is  almost  destroyed,  while,  nevertheless,  it 
subsequently  appears  that  the  yellow  spot  is  not  involved  in  the 
process.    Exceptionally,  too,  effusion  of  blood  is  the  cause  of  detachf^| 
ment  of  the  retina.     This  is  true,  not  only  of  myopic,  but  alsp  a^* 
•  Archie/,  Ophthalmologk,  B.  v,  2.  p.  251, 
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ejes.  Occasionally  one  or  more  relapses  of  hgemorrhage  of  the 
ioidea  occuTj  with  perforation  of  the  retina,  after  which  the 
>1ock1  effused  in  the  vitreous  humour,  each  time  in  proportion  as  the 
lye  lias  meanwhile  hecome  softer,  appears  in  greater  quantity,  to  be 
mcb  time  again  more  or  less  perfectly  absorbetl.  Finally,  on  a  fresh 
relapse,  the  blood  remains  now  also  behind  the  retina,  and  separates 
it  from  the  chorioittea.  At  the  same  time  it  may  partly  be  again  effused 
in  the  yitxeous  humour.  In  general,  the  detached  retina  cannot 
be  distinguished  so  well  when  blood  occurs  behind  it ;  and  when 
there  is  simultaneous  effusion  into  the  vitreous  humour^^  the  dia- 
gnosis is  at  first  oftx»n  very  uncertain,  ami  the  investigation,  in 
what  directions  perception  of  light  has  n-mained,  is,  on  account 
of  the  opacity  of  the  blood  accumulated  in  the  lower  parts  of 
the  vitreous  humour,  very  deceptive,  —  The  hsemorrhages  here 
spoken  of,  certainly  occur  luore  frequently  in  myopic  than  in 
other  eyes,  and  it  is  easy  to  understand  that  while  in  atrophy 
the  larger  bloodvessels  of  the  chorioidea  continue  loug  filled  mth 
blood,  the  disposition  to  laceratiori  through  further  extension  must 
exist.  However,  on  account  of  the  frequent  occurrence  of  detach- 
ment by  a  serous  iluid,  precisely  in  myopic  eyes,  the  separation  of  the 
retina  is  in  them  comparatively  still  more  rarely  the  result  of  effusion 
of  blood,  than  in  other  eyes.  To  effusions  of  blood  in  the  retina 
itself,  and  froui  the  retinal  vessels,  the  myopic  eye  is  also  very  much 
inclined.  The  circumscribed  extravasation  of  blood,  sometimes  to 
be  seen  in  the  yellow  spot,  and  in  some  measure  elevating  the  latter, 
is  certainly  derived  from  effusion  from  a  chorioidea  1  vessel ;  on  the  other 
hand)  we  not  unfrequently  see  in  the  retina  itself  a  number  of  smaller 
extravasations  near  the  retinal  vessels,  and  apparently  derived  from 
the  latter.  Of  some  larger  retinal  sanguineous  infiltrations  it  is  also 
more  than  probable  that  they  took  their  origin  from  retinal  vessels. 
The  chief  symjitom  in  these  cases  is  the  scotoma,  or  the  interruption 
of  the  field  of  vision,  whicli  is  always  more  remarked  and  more 
troublesome,  the  closer  it  is  to  the  yellow  spot. 

With  all  these  morbid  changes  in  the  fundus  oculi  occur,  to  a 
greater  than  ordinary  extent,  changes  in  the  vitreous  humotir,  which 
in  general  give  rise  only  to  flakes  floating  before  the  field  of  vision, 
but,  neverthele«is,  in  some  instances,  especially  when  they  are  of  a 
membranous  nature,  very  essentially  interfere  with  the  power  of 
vision ;  and  with  these  changfis  of  the  vitreous  humour  is  combined 
disposition  to  opacity  of  the  lens,  which,  undoubtedly,  is  greater 
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ill  myopes  tliaii  in  emmetropes.  It  is  remarkable  that  in  thfi 
menccment  of  cataract  myopes  imagine  that  it  is  only  their  mp 
which  is  increasing.  As  they  see  objects  at  a  short  distance 
the  eye  under  great  angles,  they  do  not  so  immediately  ex] 
mnch  inconvenience,  for  example,  in  reading.  Therefore,  they  r^ 
mark  at  mosft  that  with  respect  to  distinernishing  at  a  distance  thej 
are  retrograding,  and  they  are  surprised  only  that  their  myopia,  whici 
ought  to  improve  with  years,  as  it  is  said,  is  on  the  increase. 

In  connexion,  finally,  with  high  degrees  of  staphyloma  posticum, 
ghmcoma  is  not  unfreqnently  developed,  especially  at  a  more  ad- 
vanced period  of  life;  this,  however,  in  its  typical  farm,  belongs 
ratlier  to  the  emmetropic  and  to  the  hypermetropic  eye.  When 
comhined  with  high  degrees  of  M,  it  appears  as  if  it  ought,  evenj 
its  origin,  to  be  considered  as  a  distinct  form  of  disease,  having 
the  most  part,  in  common  with  ordinary  glaucoma,  only  increased 
sion  of  the  eyeball  and  excavation  of  the  optic  nerve.  It  is  ghm 
simplex  in  so  far  as  the  ordinary  indammatory  symptoms  proper 
glaucoma  are  wanting,  but  beyond  this  it  is  distinguished  from 
nary  glaucoma  by  less  hardness  of  the  eyeball,  oblique  direction  of 
the  excavation,  unusual  Limitation  of  the  field  of  vision,  and  the 
absence  of  other  symptoms ;  while,  moreover,  we  cannot  in  tliese 
cases  reckon  so  certainly  upon  the  results  to  be  obtained  by  iridec- 
tomy, as  in  the  ordinary  cases  of  glaucoma. — Lastly,  we  have  shll 
to  observe,  in  connexion  with  tins  subject,  that  in  apparent  strabismus 
convergens  (the  result  of  displacement  of  the  visuul  line)  the  mobilitj 
of  strongly  myopic  eyes  is  often  somewhat  limited,  that  especiaUj 
sufficient  convergence  for  binocular  vision  is  not  attained,  so  that 
perseverance  in  the  attempt  to  effect  it  leads  to  muscular  asthenopia, 
and  therefore  those  who  are  highly  myopic  usually  read  only  with 
one  eye,  and  that  not  unfreqnently  relative,  and  at  length  abso- 
lute diverging  strabismus  is  the  result.  Of  this  I  think  it  more^ 
convenient  to  speak  in  a  separate  paragraph. 


§8L  Insufficiency  op  tfte  mrERNAL  Muscles  aud  Divkrgi: 
Strabismus,  both  Results  of  M. 


Divergbg  strabismus  is  in  general  combined  mth  M,    In  the 
commencement  of  my  statistical  invt>stigatioris,  I  had  become  awl 
of  the  connexion  between  hypennetropia  and  strabismus  conveigen 
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>ut  I  was  far  from  suspecting  that  myopia  stands  in  almost  as  close 
i  relation  to  stmbisams  divergeus.  Systematic  investigation  first 
wrought  this  to  Mght. 

The  nature  of  the  connexion  is  not^  however,  in  each  case  the 

pame.     If  hypermetmpia  produces  strabismus  convergens,  this  takes 

place  in  fact  in  virtue  of  the  tension  of  accoramodation  required  in 

jonsequence  of  the  anomaly  of  refraction.     K  strabismus  divergcns 

BTiseSj  in  connexioii  with  myopia^  the  anomnly  of  refraction^  as  such, 

b  not  indeed  wholly  without  action,  but  the  anatomical  element  has 

he   chief  causal  influence,  I  mean   the  dideiition  ami  ike  altered 

%>rm  of  i/i^  eifeball :  therefore  where  myopia  exceptionally  depends 

Bb  other  causes,  consequent  strabismus  is  not  to  be  expected.    In  the 

irdinaij  forms  of  M,  the  greater  dimensions  in  general  in  them- 

iclves  interfere  with  the  mobihty  of  the  eye,  but  still  it  is  chiefly  the 

ellipsoidal  form,  which,  in  turning  round  the  short  axes  in  a  cavity 

of  similar  shape,  in  consequence  of  the  required  change  of  form,  gives 

rise  to  great  resistance.  Besides,  the  centre  of  motion  has  removed  not 

only  from  the  anterior  but  also  from  the  posterior  surface  of  the  eye. 

Bc^des  its  position  is  in  general  not  unfavourable.  Investigations  made 

In  concert  with  Dr.  Uoyer  showed,  namely,  that  it  is  situateil  behind 

ihe  midtUe  of  the  \dsual  axis,  and  indeed  in  such  proportion,  that  the 

[part  in  front  of  the  centre  of  motion  is  to  the  part  of  the  visual  axis 

Ibeliind  tins  centre  as  57 'S^  :  42*46,  that  is  about  =  15  :  IL     But 

LOst  the  same  proportion  was  fonnd  also  in  the  longer  visual  axis 

myopes:  it  is  in  the  latter  on  an  average  even  somewhat  less 
.vourablcj  namely,  =  66*83  :  43 '17.  The  annexed  tablc^  in  which 
le  angle  a  is  also  introduced  {compare  p.  181),  contains  the  results 

observation  in  dctad. 
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23-13 
23-43 
23.53 
24-24 
24*24 
24*24 
24«9 
24-69 
24-09 
24-99 
24-99 
25  39 
25-39 
25-39 
2591 
29-56 


24-5$ 
24-53 
\  24-63 
25-04 
2d<H 
25-(H 
25-39 
25^39 
25-59 
25-59 
25*59 
25-89 
25-89 
25-89 
26-31 
29-76 


:s^ 
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1349 
13-59 
15  22 
H  19 
1318 
14-97 
13-77 
14-78 
14*90 
14  64 
14*52 
13-79 
15-52 
1597 
1491 
15-«6 


U  62 
I<h61 
10^ 

10-95 

n-07 

12-10 
10-37 
9*92 
n-40 
13-90 


The  table  shows  thatj  with  a  single  eitception,  the  centre  of  motion 
in  the  myopic  eye  is  absolutely  farther  from  the  posterior  surface  of 
the  sclerotic  than  in  the  emmetropic  (=  9'99  mm.),  and  in  general 
the  more  so,  the  higher  the  degree  of  M  is;  and  almost  invariably,  too, 
the  rdatwe  position  in  the  visual  axis  is  more  unfavourable.  More- 
over the  angle  a  (between  the  axis  of  the  cornea  and  visual  line)  is 
particularly  small,  and  in  five  cases  is  even  negative,  that  is,  it  is 
situated  to  the  outside  of  the  axis  of  the  cornea. 

As  a  result  of  the  greater  distance  from  the  centre  of  motion  to 
the  posterior  uurfiaceof  the  sclerotic,  the  excursions  are  in  these 
greater  for  equal  degrees  of  rotation,  and  turning  is  therefore 
sarily  limited.    This  limitation  would  be  still  greater,  if  the  enl 
of  the   optic   nerve  was   not,   in  consequence  of  disproportion 
extension  of  the  external  posterior  part  of  the  segment,  usi 
transferred  more  inwards,  and  thus  removed  coraparatively  less 
(he  centre  of  motion.     Besides,  the  greater  distance  between  the 
centre  of  motion  and  the  points  of  insertion  of  the  muscles,  to 
which  distance  the  arc  of  rotation,  obtained  with  a  given  shorteniq^ 
of  the  mixsclesj  is  inversely  proportional,  may  contribute  to  prod^H 
limitation.  ^i 

Meanwhile,  apart  from  all  this,  the  longer  eyeball,  as  such,  suffi- 
ciently accounts  for  the  existing  limitation*     This  is  true  of  move- 
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it  both  inwards  and  outwards.    In  myopes  it  is  so  general,  that 

'  the  seventeen  ejes  nine  Ml  so  short,  that  in  the  determination  of 

centre  of  motion  our  method  (compare  p.  185),  requiring   an 

icursion  inwards  and  outwards  of  not  more  than  ZS°,  was  not  appli- 

pble  without  modification,     llie  Hmited  movement  outward  has,  in 

first  place,  no  other  result  than  that  the  lateral  excursions  for 

at  binocular  vision  are  less,  and  that  turning  the  head  more 

Lpidly  must  supplement  it,  which  besides  is  necessary  in  wearing 

ptacles.     But  tht?  insnfficiencj  of  the  turnitig  inwards  has  other 

!id  more  important  results,  which  we  have  consecutively  t43  cousi- 

er,  in  order  to  arrive  al  the  occurrence  of  absolute  diverging  stra- 

smus*,  as  its  ultimate  effect. 

In^itfficiefiey  of  the  inward  mtwemeni  we  assume,  when  the  visual 

Sues  cannot  he  brought  to  intersect  at  a  distance  of  %"*h,  at  which 

bey    cut   one   another   under   an  angle  of  about   5 P.      In   high 

i  of  myopia  this  insufficiency  exists  almost  without  exception, 

For  this  a  double  cause  may  be  assigned*     In  the  first  place,  the 

aobility  is,  as  we  have  seen,  actually  diminished  by  distention  and 

Qodiiication  of  form,  and  the  insuflieiency  is  so  far  to  be  considered 

st/luit*    But,  in  the  second  place,  in  order  to  bring  the  visual  lines 

intersect  at  the  distance  of  2''* 5,  the  angle  a  being  small,  the  axes 

'  the  cornea  must  be  brought  under  still  dronger  convergence  than 

emmetropic  eyes.     We  thus  undcr^tafid  that  even  where  the  in- 

rard  movement  does  not  fall  absolutely  too  short,  it  must  at  least 

elatively  do  so. 

Now  the  insufficiency  of  which  we  are  here  s|jeaking,  leads  in  some 
instances  to  fatigue  in  vision,  when  the  work  requires  a  certain  con- 
Ifrergence  to  be  maintained  for  a  long  consecutive  period  {asthenopia 
Wmuacularis), 

I    Cases  have  occurred  to  me,  in  which  there  was  at  first  vision  with 
toth  eyes,  but  \ihere,  on  fatigue,  the  one  eye  u,k\\^  wny,  and  the  work 
,  was  then  attended  with  less  difficulty  ;  others  where  pret^isely  that 
;iving  way  caused  trouble  and  was  complaiued  of.     This  hitter  state 
met  with  where  the  degree  of  M  was  comparatively  slight,  and 
rhere,  therefore,  besides  the  resistance  uf  the  eye,  a  certain  weakness 
df  the  muscles  (not  only  insufficiency  of  movement,  but  true  inmffi' 
Tieney  of  the  nuaculi  recti  iidt^rn'i)  must  be  understood  :  a  corulitioii, 
rhich  in  moderate  degrees  of  M,  I  have  found  to  be  hereditjiry,  ^nth 
ithe  phenomena  just  described.     With  this  giving  way  on  continued 
ension   relative   diverging   niraiflsmm  is  already  admitted:    at    a 
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grCBie?  dktance  the  visual  lines  are  properi j  directed ;  in  dose 
onlj  one  eye  is  used. 

Relative  diverging  stiabisiniis  is  here  Fepraenbed  as  the  reaviUi 
some  seoae  aa  a  farther  dervdopment^  of  the  insufficieacjr  of  tlie 
ward  movement.  To  a  certaiii  extent  this  ia  correcL  Bat  if 
endeavour  to  define  this  rehitive  strabismus,  it  appears  that 
inaeparable  bom  hi^  degrees  of  M,  and  that  if  the  movemeDt 
noi  at  the  aame  time  Umited,  the  stmbismua  would  nevertheless^ 
pnmmL  Belativc  diverging  strabismus,  in  fact,  exists,  so  soon  as  the 
proximity  required  for  acute  sight  exci tides  binocular  vision.  In  im» 
limited  convergence  also  it  therefore  occurs,  so  soon  as  the  Carlbot 
point  of  distinct  vision  has  approached  to  within  the  point  of  ctm- 
vergence  of  the  eyes.      Taken  in  this   sense,   relative   divetgii^ 

strabismus  is,  for  example,  with  M  ^  ^^   necessarily  present: 
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always  indeed  (cases  of  strabismus  convcrgeus  excepted),  when  that 
is  acute  vision  without  glasses,  the  one  eye  has  deviated  oat* 
wards. 

In  tlio  foregoing  it  is  included  that  relative  diverging  stiabts- 
m\m  may  arise:  on  the  one  hanil,  where  there  is  consideraUe 
insufficiency  of  the  musculi  recti  intemi,  without  any  myopia ;  on 
the  other,  in  high  degrees  of  myopia,  without  any  insufficiency*  h 
fact,  it  occurs  in  its  most  important  forms,  when  M  and  insufficiencj 
are  combined  in  a  moderate  degree.  Myopia  must  here  l>e  ow 
starting-point.  If  the  myopia  be  absitut,  the  insufficiency  usuaDj 
produces  only  muscular  asthenopia,  and  is  seldom  developed  to  stra- 
bismus divergens.  If  M  be  present;  a  number  of  c^u^es  coincide,  to 
produce  strabismus  divergens,  at  least  relative,  and  precisely  thuA 
to  prevent  asthenopia  muscularis.* 

The  fonruila  is  simple,  and  Inj^s  already  been  given  abovt?  in  refer- 
ence t-o  insufficiency  :  myopia  requires  more  convergence  of  the 
lines,  because  vision  takes  place  closer  to  the  eye,  and  precisely 
M   the  convergence  is   for   two   reasons   more   difficult,    first,  m 
account    of  the   impeded   movement,   and   secondly,    on    ac< 
of  the  altered  direction  of  the  visual  lines  (tlie  smaller  angle' 

•  Thus  wo  read  also  in  von  Graefe  {Archiv  f,  Oph,  B.  viii.  p,  343):— 
■*  It  hue  been  already  loentioned  that  myopia  HUp[die&  an  important,  but  aot 
abiolnttfly  prepondemting  contingent  (in  muscular  asthenopia).  The  latter 
would  indeed  be  tho  oaao,  if  th^Hv  trho  fire  hujhUj  mtjopic  did  no 
throuffh  the  period  of  anthmupia  into  f^trafmrnits  diveryem^  miteh 
rapidly  than  h}p«rmfetTope«  aud  emmQ\;EOYeiw' 
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(lat  relative  diverging  strabismus  occurs  prefercntiallj  io  M,  follows 
I  from  these  facts  as  a  raatter  of  course.     Anil  this  is  still  more  the 
lea^  because  the  need  of  binocular  vision  and  the  aversion  to  double 
intage^j  here  afford  no   important  counterbalancing  power.      It  is 
,  almost  always  a  small  object  that  the  mjope  wishes  to  see  acutely : 
he  approximates  it  to  the  eye  that  he  wishes  to  use,  and  the  other  is 
meanwhile  directed  to  remote  objects  which,  on  ac^-ount  of  the  myopiaj 
supply  very  diffuse,  and  therefore  but  very  slightly  disturbing  images. 
If  now  vision  once  takes  place  with  deviation,  there  can  be  little 
idency  to  make  the  tension  required  for  convergence ; — the  less 
,  because  at  the  same  time  the  distance  K  {tliat  of  the  farthest  [Joint 
of  distinct  vision)  would  become  smaller,  and  the  object  should 
therefore  be  held  still  closer  to  the  eye.     Precisely  when  difficulty 
in  convergence  begins  to  be   experienced,  does  the  associated  ten- 
sion of  accommndation  become  particularly  great. 

In  progressive  myopia  we  often  observe  how  binocular  vision 
attempt-s  to  maintain  itself  against  the  relative  diverging  strabismus* 
It  is,  however,  usimlly  obliged  speedily  to  give  way  to  the  fatigue 
arising  from  the  tension,  Reading,  for  example,  is  at  first  binocular, 
but  after  some  time  one  eye  yields,  iiivoluntarily  and  unconsciously, 
80  that  the  coioplaint  h  made  that  one  page  moves  over  the  other. 
We  can  now  establish  numerous  transitions.  If  an  object  be  ap- 
proximated more  and  more  to  the  eyes,  the  convergence  increases  to 
nearly  it^  maximum.  If  the  object  remains  here,  one  eye  yields  the 
more  speedily,  the  nearer  the  object  had  approached  to  the  maxi- 
mum of  convergence.  It  immediately  gives  way  when  the  object 
is  brought  to  mth'm  the  maximum  of  convergence.  This  happens 
likewise  directly  w!jen  in  strong  convergence  the  one  eye  is  covered 
with  the  hand.  If  the  covering  hand  is  now  removed,  the  yielding 
of  the  convergence  nevertheless  contiuues.  Even  when  tlie  object  was 
approximated  to  the  eye,  while  before  the  other  open  eye  the  hand  is 
held,  the  convergence  is  seldom  sufficient :  the  endeavour  to  main- 
tain the  binocular  vnsion  commenced  at  a  greater  distance,  was 
the  absolute  condition  under  which  the  convergence  was  developed ; 
in  perfectly  established  relative  diverging  strabismus,  even  under 
that  condition,  it  is  absent,  ^he  greatest  difficulty  is  always  expe- 
rienced when  the  eyes  are  directed  upwards.  As  a  transition  we 
observe,  that  in  fatigue  there  is  no  convergence,  wlide  the  latter 
appears  after  rest  has  been  enjoyed. 

On  the  boundaries  between  alternating  and  confirmed  relativt! 


lies  a  pncticall J  iiopoftaiit  ctmStiam,  to  vliiA 
I  fometlj  directed  tUcntioiL*  Tbe  eonditioii  is  this :  Hiere  k  ilill 
iendeiicjr  to  eonrergcooe;,  tlik  u  ieeo  on  approilnfmtiiig  aa  objed: 
but  6?eo  before  the  diaUnce  of  dbtiiict  vision  is  attatoed,  or  at 
leaat  aoon  after,  the  one  ejre  dcriates.  If  we  now  gire  cxmant 
,  apedadca,  vhich  briag  Die  binocular  £artlie:¥t  point  to  8*,  10*^  or 
lE*^  viAon  agftin  takc^  pbce  with  both  ejes.  Often,  boirerer,  oooi- 
plainta  are  now  heard  of  the  occurrence  of  fatigae,  and  examinatimi 
AawB,  that  not  the  tension  of  accommodation,  but  the  oonrogeoce 
required,  slight  aa  it  \a,  is  the  cauae  thereof.  Conaequfiillff 
asthenopia  tnuscohins  is  in  operation,  so  that,  in  order  to  make 
bin  ocular  vision  possible,  a  combination  of  th&  concave  with  a  pris- 
matic glass  is  required.  In  these  cases  it  is  especially  evident,  that 
the  cause  of  the  relative  diverging  strabismus  is  to  be  sought  soldj 
in  the  impeded  movement  inwards,  while  the  tendency  to  co-operatioa 
of  the  two  retinas  for  the  sake  of  binocular  vision  may  continue  un* 
disturbed.  It  is  only  in  absolute  diverging  strabismus^  that  that 
tendency  is,  as  shall  hereafter  appear,  not  un&equeBtly  removed. 

We  have  above  seen,  how  ia  progressive  M  binocular  vision  for 
near  o}>ject8  usually  in  vain  endeavours  to  maintain  itself.  To  this 
there  lire,  however,  exceptions.  **  A  {wwerful  simultaneous  action  of 
the  recti  iuteroi"  even  belongs,  according  to  von  Gniefe,t  to  a 
"relafive  normal  short sightetlness.''  He  goes  so  far  as  to  as^^rt,  that 
it  is  to  be  considered  as  a  pat/iQloffical  condUion,  "  when  the  increase 
in  the  power  of  tension  of  tlie  internal  muscles  of  the  eye  docs  not 
continiRt  in  liarTuonic  development  witli  the  increase  of  the  refractive 
condition  (of  the  myopia).''  Indeed,  even  in  high  degrees  of  M, 
whether  on  account  of  a  favourable  size  of  the  eyebaU,  or  of  an 
original  or  acquired  preponderance  of  the  internal  recti  muscles,  the 
visual  linc3  may  sometimes  be  properly  directed  in  close  vision,  and 
may  witliout  effort  be  kept  in  that  direction.  But  this  in  many 
aLs*"s  is  obtained  only  at  the  expense  of  the  mobility  outwards, 
Liiniiiitioii  of  the  latter  i;*,  in  such  instances,  rarely  absent,  and  it 
may  now  attain  to  that  degree,  that  the  visual  lines  cannot  in  distant 
vision  be  brought  to  parallelism,  which  constitutes  relative  converging 
Mtrubistuus,  And  if  with  incrmsing  M  in  the^e  cases  the  conver- 
gence for  near  objects  also  becomes  insufficient,  we  have  the  singu- 
lar combination  of  relative  diverging  strabismus,  in  vision  for  near 
objects,  with  relative  converging  strabismus  in  distant  vision,  while 
h'  Ophthalm,  B,  vii.  Abth, 
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ft  medium  distance  a  certain  margin  has  remained  for  biiiocular 
don.  It  reminds  us  of  the  combination  of  M  with  presbyopia. — 
However,  as  I  have  observed^  this  is  all  exceptional  The  rule  is, 
that  the  fiicility  of  convergence  do^  not  keep  pace  with  the  develop- 
ment of  the  myopia,  and  that  the  tendeocy  to  relative  diverging  stra^^i 
bismus  rapidly  becomes  remarkabie,  1  satisfied  myself  by  investiga-1 
tion,  that,  proceeding  from  the  visual  lines^  in  M  the  mobility 
inwards  is  in  a  great  number  of  cases  very  soon  hmited,^  while  that 
outwards  is  in  no  way  impeded,  nay,  that  under  the  inlluenee  of  a 
prism^  the  iisual  lines  can  generally  he  brought  even  under  greater 
divergence  than  in  non-myopes,  Itappeared^  indeed,  to  be  in  favour 
of  the  more  ready  convergence  of  myopes,  that,  as  my  determinations 
of  the  relative  range  of  accommodation  showed,  certain  degrees  of 
convergence  are  possible,  without  proportionate  tension  of  accom- 
modation. This,  however,  furnishes  no  absolute  proof.  From  this  we 
learn  only  that,  by  practice,  the  association  of  accommodative  tension 
may,  up  to  a  certain  degree,  become  independent  of  the  effort  at  convex- 
gence,  without  preventing  its  reappearance  when  the  effort  is  stronger. 
The  abmiute  diverging  strabismus  is  distinguished  by  divergence 
of  the  visual  hues  in  distant  vision.  In  close  vision  the  divergence 
sometimes  remains  unchanged;  generally  it  diminishes,  or  even  gives 
place  to  a  certain  degree  of  convergence,  but  not  being  sufficient, 
binocular  vision  is  still  excluded.  In  a  few  ca^es,  however,  I 
observed,  that  in  looking  to  a  great  distance  divergence  existed,  but 
that,  on  looking  to  the  distance  of  some  feet  or  some  inches^  this  gave 
way  to  suj/icieni  convergence,  which  was  then,  however,  not  to  be 
maintained.  Tlie  fact  is  remarkable.  The  explanation  may  be,  that  ■ 
binocular  vision  is  much  more  important  for  the  estimation  of  near, 
than  for  that  of  remote,  objects. — ^At  first,  diverging  stralnsmus 
exists  usually  in  a  slight  degree,  and  only  slowly  increases.  Sometimes 
it  continues  in  but  a  slight  degree  during  the  whole  of  life,  I  have, 
indeed,  found  that  precisely  the  highest  degrees  of  diverging  stra- 
bismus not  unfref|uently  have  another  origin  than  simple  myopia. 

It  is  commonly  the  custom  to  apply  the  term  squint  exclusively 
to  the  absolute  form.  In  this  sense  it  is  less  frequent  than 
strabismus   convergens.     And   if,    nevertheless,  a  certain   number 

•  Oattiis  subject  atill  further  iDvestigtilioiiH  Lave  been  madebyoEe  of  our 
students,  Mr.  Sctiuermau :  the  mobility  of  the  eyes,  the  maximum  of  conver- 
gence, th«  relation  to  prismatic  gkas^js,  &c.^  have  been,  in  connexion  with  the 
axis  of  the  ooraea  and  the  visual  line^  with  det4?r  mi  nation,  at  the  same  time,  of 
the  position  of  the  centre  of  motion,  inveBtigated  in  ejes  of  different  refraction. 


MYOWL 

Mho^^  '^i"'*^  ^^  ^^^  ^^  strabismas  coiive^geBe» »  tol 
^  ^5  Ar  primiXTj  disturbance*  of  the  muscles  (panlfsis»  iili 
''^^^^JuMmi,  complicated  coDgeiiitaJ  anomalies,  frc,  a  biiiiti 
^^  «>/tfn  deviates  oatwards),  myopia  canuot  c^ecupv  the  saaie  ^ 
„flnent  position  as  an  etiological  dement,  that  hvpermetiopB  4» 
in  reference  to  st?abisma$  convergens  ;   nevertheless,  in  about  X9^ 
thirds  of  the  cases  of  ahaolute  diverging  strabismus,  myofii 
met  with.   But  if,  on  the  other  hand,  wc  take  relalive  divergiiigi 
bismua  also  into  account,  the  diverging  form  is  as  frequent,  if 
more  frequent  than  the  converging;  and  now,  moreover,  the  eit 
ordimxry  causes,  origiually  proceeding  from  the  muscles  or  fromblii 
ness  in  one  eye,  fall  into  the  background  i  therefore  in  at  least 
cent,  of  the  case^  of  rehifipf.  diverging  strabismus  we  6nd  M.— IT 
is  often  remarked  that  while  strabismus  convergens  usually  occ« 
in  childhood,  strabismus  divergens  is  most  frequently  not  deveh 
until  a  later  period.     The  observation  is  correct.     The  fact  is 
nected  with  the  cause  of  its  occurrence  :  proffre^sive  wfopia. 

Now  if,  in  general,  absolute  diverging  strabismus   pr«>^      '    ' 
relative,  it  is  far  from  being  the  case,  as  api>e<irs  even 
relations  descri^^d,  that  the  relative  should  always  be  followed  lij 
the  absolute  form.     This  appears  to  be  rather  the  execptiuri,     W^ 
here  meet  with  a  like  relation  to  the  cause  as  in  converging  stnibij*- 
mus.     Thus,   aa  most  hypermetropes  are  spared   from  the  latkr 
affection,  wc  certainly   find  many  myopes  with  relative    divi   _ 
strabismus,  without    the   absolute   form    being  develoi>ed   fr 
Here,  therefore,  the  question  also  arises :  What  accessorv  cir   i  ■ 
stance  causes  the  true  absolute  diverging  strabismus  to  occur  ? 

Perhaps  wc  may  be  able  to  invert  tliis  question,  if  we  first  cod- 
sidrr  why,  in  general,  the  relative  deviation  predisposes  to  the  abso- 
lute.    The  result  of  this  consideration  may  be  thu^  formuhsed : — 

Ri'lative  diverging  strabismus  gives  dissimilar  images  on  the  twa 
yellow  spots,  particidjirly  in  close  vision.  The  need  of  equality  of 
impressions,  the  effort  at  simple  hinocnJar  vision  must,  in  general, 
be  consequently  weakened.  A  commencement  of  deviation,  having 
arisen  where  much  advanced  convergence  was  required,  immediate 
attains  a  tolerably  high  degree,  by  simply  yielding  to  the  natural  t^ 
aion  of  the  muscles, — partly  also,  perhaps,  although  uuconsciousl 
in  order  to  make  the  double  images  more  remote  from  each  otl 
or  to  exclude  the  tension  of  accommodation  associated  witli  dij 
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cult  convergence,  and  thus  to  rc^pve  the  farthest  point  of  distinct 
▼ision  from  the  eye.  In  general,  when,  for  ex!iiri]>le,  with  bliruU 
lieas  of  one  eye,  the  intenial  recti  muscles  are  no  longer  for  the 
sake  of  binocular  vision  of  near  objects  stimulated  to  contraction,  they 
soon,  through  Jiminished  energy,  become  ineffectual,  and  stnibismus 
divergens  is  the  usual  result  thereof.  Belative  tH verging  strabismus 
now  IcaJs  to  similar  inaction,  likewise  followed  by  dimiDisbed  energy. 
Thus  two  important  factors  coincide :  sbght  resistance  t^  double 
images,  and  dimiDished  force  of  the  internal  muscles.  It  can,  there- 
fore, not  be  a  matter  of  surprise  that,  in  distant  vision  also,  the  action 
of  the  latter  soon  fails.  And  tliis  must  occur  the  sooner  in  myopes, 
because  the  angle  a  is  particularly  small,  and  therefore  distant 
visio!!  requires  a  slighter  divergence  of  the  corneal  axes  than  in  em- 
metropes.  Now,  if  the  action  of  the  internal  muscles  be  once 
weakened,  the  etPort  to  overcome  the  tendency  to  divergence  will 
easily  make  the  farthest  point  of  distinct  vision  approach  the  eye, 
will  thus  render  the  retinal  images  of  remote  objects  still  more 
diffuse,  and  instinctively  this  effort  will  therefore  not  occur,  or  it 
will  be  removed. 

Thus,  undoiibt-edly,  the  origin  of  absolute  diverging  strabismus  is 
satisfactorily  explained.  If  I  am  not  mistaken,  we  must  now  really, 
as  I  foresaw,  invert  the  foregoing  questiou.  We  ask  no  longer: 
What  accessory  circumstance,  where  relative  diverging  strabismns 
exists,  leads  to  the  development  of  the  absolute  variety  P  We 
rather  inquire :  What  is  the  reason  that  not  every  relative  diverging 
strabismus  is  followed  by  the  absolute  form  ? 

In  the  first  place,  I  remark  that  absolute  diverging  strabismus  is, 
as  I  find  more  and  more  every  day,  in  high  degrees  of  myopia  very 
general,  much  more  general  tiian  is  su]>posi:d.  Slight  degrees  pass 
unobserved,  because,  although  the  visual  lines  diverge,  the  corneal 
axes  exhibit  no  particular  divergence,  often  cprtainly  still  h\ss  than 
in  nou-squinting  hypermetrope^  :  it  is  not  until  the  properly  directed 
eye  is  covered,  that  it  appears  that  the  visual  line  of  the  other  was 
directed  too  much  outwards,  *  But  I  repeat  the  question :  Wliat  is 
the  Reason  why  not  ever^  relative  diverging  strabismus  is  followed 
by  the  absolute  form  ? 

The  cause  of  this  lies  partly  in  the  maintenance  of  binocular 
vision.  Although,  in  consequence  of  relative  diverging  strabismus, 
the  attempt  to  obtain  equal  impressions  on  the  two  yellow  spots  and 
on  further  corresponding  points  is  weakened,  it  is  not  extinguished. 
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This  atteiDpt  alone  sometiiiies  rednins  the  deriatioiL     In 
one  eye  actually  turaa  outirard^)chind  the   liaud,  to 
proper  direction  when  uncovered.     And  where  this  giving  way 
not.  take  place,  it  is  sufficient  to  hold  a  weak  prismatic  glass, 
the  refracting  angle  towards  the  nose,  before  the  eje,  to  satisfy 
selves  of  the  attempt  at  binocular  vision :  we  immediately  see  a 
vergence  set  in,  correcting  the  action  of  the  prism.     Only  in 
highest  degrees  of  myopia,  where  even  no  strongly -marked  obj 
forms  comparable  images,  is  the  convergence  ab^sent  in  this  ex] 
ment.     It  thus  also  appears  that  acute  sight  is  not  an  absoli 
condition  for,  if  possible,  maintaining  single  vision. 

Further,  we  seek  the  cause  of  the  absence  of  absolute  strabismus 
in  b'mited  mobility  of  the  eyes.  Turning  the  great  ellipsoidal  eye- 
ball of  myopes  is  impeded  not  only  inwards,  but  sometimes  Jso 
outwards.  This  obstruction  may  go  so  far  that,  as  I  have  abore 
remarked^  relative  converging  strabismus  in  distant  vision  may  be 
combined  with  relative  diverging  strabismus  in  near  vision.  But 
even  if  it  does  not  attain  this  Jegree,  it  really  hinders  an  excessive 
deviation  outwards,  especially  when  it  is  aUied  to  the  need  of 
cular  vision. 

Thus  then,  just  as  in  converging  strabismus,  different  impel 
and  resisting  forces  contend  with  one  another,  and  it  is  in  fact 
cult  to  say  under  what  conditions  the  first  acquire  the  prepondemuce. 
Experience  did  not  at  least  imnieiliately  reveal  them. 

Undoubtedly,  however,  there  come  under  observation  :  a,  circum- 
stances which  promote  movement  outwards ;  i,  such  as  deprive  bino- 
cular vision  of  its  value.  Among  the  first  we  include  an  originil 
preponderance  of  the  external  recti  muscles,  more  than  ordinary  dis- 
placement of  the  visual  lines,  in  consequence  of  myopia  (extraoj 
narily  slight  or  even  negative  value  of  the  angle  a),  further 
favourable  form  for  outward  movement,  and  superticial  position  of  i 
eyeball.  Among  the  latter  may  be  reckoned,  diminished  acutcm 
of  vision  in  the  one  eye,  and  especially  a  diirerence  of  refraction 
the  two  eyes.  Tins  last  occurs  as  mi  influential  factor.  If 
difference  of  refraction  is  great,  tlie  one  eye  highly  myopic,  the  otl 
scarcely  so  or  even  emmetropic,  the  rule  is  perhaps  that  in  dis1 
vision  the  myopic  eye  has  deviated  outwards.  These  cases 
nish  a  peculiar  form  of  strabismus  divergens^  which  certainly  deserves 
to  be  tlioroughly  investigated  and  separately  described.  S*:imetimes, 
especially  at  first,  the  squint  is  intermittent,  and  manifests  itseif  only 
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either  on*  fatigue  or  under  certain  states  of  minil ;  in  other  cases  it 
may,  even  when  highly  developed,  be  overcome  by  the  will,  particu- 
larly for  near  objects,  for  a  short  interval,  although  not  without 
rapidly  supervening  fatigue,  and  at  all  events  without  essential 
advantage  to  the  sight.  Not  unfrequenllv,  too,  the  one  eye  is  used 
in  distant,  t)ie  other  inclose  vision.  Usually  each  eye  projects  and 
judges  correctly,  while  it  sees  independently,  and  Dolwilhstanding  it 
is  declared  tliat  the  same  object  seen  with  the  one  eye  appears  larger, 
with  the  other  smaller.  More  that  is  remarkable  stdl  remains  to  be 
mentioned^  and  especially  to  be  investigated,  on  this  subject.  As  to 
its  pathogeny,  with  which  alone  we  are,  properly  speaking,  at  present 
concerned,' — it  is  easy  to  see  that,  in  the  tirst  place,  bitiocular  vision 
in  tliese  cases  ha<s  not  much  value ;  secondly,  that,  particularly  in 
distant  vision,  the  double  imager  of  ordinary  objects  arc  scarcely 
observed,  and  the  patient  thus  easily  abstracts  from  the  impression  of 
the  strongly  myopic  eye ;  thirdly,  that  the  limited  mobihty  in  this 
case  affects  only  the  one  eye,  and  a  relative  deviation  outwards  must 
therefore  meet  with  less  difficulty ;  and  finally,  that  so  soon  as  any 
tension  of  the  musculi  recti  iatemi  is  required^  in  order  to  prevent 
divergence  of  the  visual  lines,  this  tension  will  therefore  be  absent, 
because  the  weakly  myopic  or  emmetropic  eye  seeing  toleraljly 
acutely  at  a  distance,  in  consequence  of  the  accompanying  tension 
of  accommodation,  immediately  perceives  less  perfectly. 


It  IB  well  known  that  Buffo n  (Sur  fa  cainte  du  ^(rahUme  ou  fits  ymix 
louchett,  m  Memmreft  de  rAeademie^  1743,— to  he  found  also  in  BiitFon, 
Mittoire,  &o.,  SuppU^m.  iv,,  p.  416,  Paris,  1777)  sought  the  principal  cause 
of  squinting  in  a  difierenoe  between  the  two  eyes.  That  difference  he  calls 
rather  indefinitely,  •*  une  inC^galite  de  force  dans  les  yetix»"  Evidently  he 
had  in  view  in  hi»  definition  a  difference  in  refraction  j  hut  in  hia  emmi- 
Bfttion  of  Bquint«rs  this  is  sonaetimes  confounded  with  a  difference  in  acute- 
ness  of  vision.  Buffon  especially  endeavours  to  show^  that  unequal  impres- 
aions  of  the  mnie  objects  on  corresponding  partu  of  the  retina  are  more  dis- 
turbing than  those  of  wholly  different  objects.  The  one  eye  would  there- 
fore inatinctively  deviate  where  there  is  a  great  difference  between  the  eye«. 
In  this  he  has  had  in  view  chiefly,  I  should  almost  say  exclusively, 
Btrabismua  eonvergena ;  but  at  the  close  of  his  essay  ho  speaks  also  of 
some  cases,  "where  one  eye  is  used  in  looking  at  distant,  the  other  at 
near  objects,  while  the  unused  eye  deviates  either  inwards  or  out  wards  J* 
Besides,  Buffon  thinks  that,  so  far  as  the  regions  of  accommodation  for 
the  two  eyes  coincide,  even  when  the  bound ariea  of  those  regions  differ, 
both  eyes  may  receive  sharp  images  of  the  same  object,  and  that  thus  the 
toQsioa  of  acoomiEiodation   in  each  eye,  independently  of  the  other,  can 
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reguLate  iUelf  ocoording  to  tlie  dittiuioe  of  the  object.     On  Uiis  error  % 
deal  of  hh  demonstratioa  rests. 

Job.  Mueller  (Veryi.  Pht/nohffie,  etc.,  p.  228),  ludlmittiiig  the  fact,  w 
Mtifified  witb  Buffon's  expUnation.  He  gives  xlb  zmother,  remiii^li 
eliidljr  beeaose  in  it  &  distarbed  comiex:ion  between  conveii^^iioe  and 
ftooommodation  Is  aesumed.  We  luisB  in  Mueller  tlie  dieUnetion  Wtwtn 
presbjopia  and  bjpenuetropia  ;  nor  does  be  oak  whetlier  Etrnbismns  eae- 
vergens  or  divergens  is  to  be  explained^  and  a  clear  indigbt  into  the  cam 
of  the  alTection  could  not  ihuB  be  acquired.  But  we  £nd  the  experimeiit 
aUted  in  which,  by  holding  a  concave  glaas  before  one  of  the  eye%  ftrabb- 
mua  conTergens  is  excited,  bo  soon  a«  this  e^^e  ia  used  for  acute  Tidon,^«& 
experiment  which  explains  the  exceptional  cases  of  strabismus  oonveigtiii, 
where  the  properly-directed  eye  is  hypermetropic*  the  deyiating  eye  las 
hypemaetropio,  or  even  emmetropic,  but  originally  amblyopic.  Had  JoL 
Mueller  held  a  negative  glass  before  each  eye,  it  would  not  have  escaped 
him,  that  thus  also  a  deviation  inwards  is  readily  prodaoed,  and  probably 
his  clear  glanee  would  at  once  have  penetrated  the  character  of  hypc^ 
metropia  and  its  connexion  with  strabismus. 

Some  (compare  Bobm,  Da*  Schielen,  /,  c, ;  ArU,  Die  Krunkheiten  db 
Au^9,  B.  iii*,  pp.  306  et  »e^.t  Prag,  1856)  attach  too  much«  othera  (ooid> 
pare  Ruete,  Lehrhuch  dt^r  Ophthalmohifie^  B.  ii,,  p.  524)  attach  too  little 
value  to  difference  between  the  two  eyes,  whether  in  acuteness  of  vision  or 
refraction,  in  reference  to  the  origin  of  strabiBmufi.  I  think  I  have  ahowD 
that  the  diiferenoe  mentioned  does  not  ooeur  as  the  immediate  euM  of 
strabismusi  but  that  it  may  be  the  reason  why,  with  certain  detennining 
conditions,  to  be  sought  in  the  non-deviating  eye,  strabismus  is  produoed. 

The  connexion,  too,  between  myopia  of  the  two  eyes,  and  strabismi 
divergens  was  formerly  not  completely  overlooked.  Job.  Mueller  {V 
ffhichi'ude  Ph/moh^^  p,  2^57)  even  describes  a  strabiitmm  nuj^^pHnu 
is  known/'  thus  he  oommences  the  explanation  of  the  mode  of  develo] 
meut,  **  that  shortsighted  people  Iwk  at  very  near  objects  only  with 
one  eye,  while  the  other  eye,  which  is  also  nearsighted,  completely  tunied 
away  aud  directed  to  a  distance,  sees  indistinctly  or  not  at  all."  This  is 
the  state  which  we  have  called  rehttive  dircrfjiny  ttirahismus.  It  has  been 
deficribed  by  BufTtini  as  occurring  in  his  own  eyes.  In  his  own  case  he  in« 
troduces  the  difference  of  the  images  in  the  two  eyes  into  the  explanatioD  ; 
but  in  general  he  finds  in  the  extraordinary  oonvergenoo  re<juired  by 
myopes,  the  reason,  *^  that  the  sight  is  fatigued  and  less  distinct  than  in 
looking  with  a  single  eye.*'  MoeUcr  assigns  the  tirst  place  to  the  same 
cause,  but  in  addition  points  to  the  increasing  refraction  produced  by  the 
convergence.  However,  in  explaining  why  the  visual  axis  subseqiiently 
deviates  permatieiitly  also  more  or  less  from  the  normal  direction,  he  thinks 
only  of  the  neglect  of  one  eye  resulting  from  the  deviation,  nor  do  we 
then  read  that  this  deviation  takes  place  positively  outwardfi. — Ruete,  too 
(/,  r.,  B.  i.  p.  226),  speaks  of  the  connexion  between  myopia  aud  stra- 
hisTiTii?,  We  saw,  that,  while  in  general  relative  diverging  strabismus  and 
a  tendency  to  absolute  are  connected  with  high  degrees  of  progressive  myo- 
pia, the  convergence  in  close  vision  is  exceptionally  maiutuined,  though  at 
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expense  of  parall<?lism  in  distant  vision.  K^ow  this  exceptioni  whereby 
oonTerging  strabismus — relative,  if  we  will^ — is  combined  i^ith  progressive 
mjopia,  was  recognised  by  Ruete,  not  the  diverging  Btrabiamus,  wbicjh  is  the 
rule.  Even  of  the  existence  of  rchiftve  diverging  atrabLsmtLa  be  could  not 
Butisfy  himaelf,  undoubtedly  because  be  sought  it  in  too  slight  degreea  of 
myopia,  where  it  is  usually  wanting. 

On  the  whole,  little  satisfaction  is  obtained  by  oonsultin^  the  more  recent 
Qopious  literature  on  strabismus,  with  refcTenoe  to  its  canses.  Strabinnns 
divergent,  in  particular,  is  very  imperfectly  treated  of*  A  distinction  of 
tlie  oaaseSf  aci^ording  to  the  different  forms^  is  not  to  be  met  with,  and 
where  the  caiifies  of  strabismus  in  general  are  spoken  of»  the  writers  have 
evidently  been  tilled  with  the  idea  of  straMamua  convergens.  I  have  yet 
only  to  refer  to  the  writings  of  von  Graefe,  with  respect  to  the  iDanffioiency 
of  the  internal  recti  muficleB,  in  the  numerous  moditications  of  which  the 
gradual  transition  to  strabismus  divergens  is  to  be  sought,  and  where  it 
certainly  has  been  sought  for  by  von  Graefe.  "  We  may  in  general " — thus 
we  read  in  his  latest  essay  (Archiu  f,  Ophtk,,  B*  viii,,  Abth.  2) — "define 
the  insufficiency  as  a  dynamic  outward  m/itint,  varying  accyording  to  the 
distances  of  the  object,  which  is  at  the  time  overcome  by  the  attempt  at 
single  vision/'  If  we  reilect  that,  even  according  to  Ton  Qraefe^  this  effort 
must  in  myopia  often  give  way,  it  is  as  if  we,  under  certain  conditions, 
already  sec  before  us  the  development  of  absolute  diverging  fitrsLbismus. 

Our  investigations  baya  thus  led  us  to  a  striking  result,  whieh  may  be 
eeaed  in  the  following  antithcBia ; — 

Mypermeiropiu  causes  iiccQmmodative  oafhcnojuGf  to  be  activtly  overcome 
bt/  strabismtis  cunverffctift, 

Jfyopia  lead*  to  miiSCftlttr  tnthvftopiu^  po»siveiy  yielding  tv  strabismus 
diver  yens. 


§  SSS.  Hyoienb, — Tkeatmekt. — Spectacles. — Illusthative 
Cases.— UiSTOUY  of  Myopia. 


The  cure  of  myupia  belongs  to  the p'm  voia.  The  more  oui  know- 
ledge of  the  basis  of  this  anomaly  has  heeu  established^  the  more 
certainly  does  any  expeetiitioo  in  that  direction  appear  to  be 
destroyed,  even  with  respect  to  the  future.  So  long  as  it  was 
thought  that  the  cause  of  myopia  might  be  found  in  increased  con- 
vexity of  the  corneaj  the  endeavour  to  restore  the  hitter,  by  pressure, 
to  its  nonnal  curvature  (Purkiuje*  and  Bucte)  appeared  perhaps  not 
altogether  to  be  rtgected  ;  but  the  idea,  that  the  extended,  atknuate*!, 

•  Nefte  BfitrHife  z,  Pht/itiuhffie  d&a  Svhens  in  nubjecliver  Ilinsie/it,  p.  147. 
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atrophic  membranes  in  myopia,  might  be  brought  bade  to 
imtural  condition  is  siinplv  absurd.  We  should  not  even  be 
appnivc  of  the*  jimctice  of  those,  who,  in  order  to  compens 
the  excessive  length  of  the  visual  axis,  endeavoured  to  hring 
arching  of  the  cornea  below  the  normal.  Systematic  pressure  if»' 
excellent  auxiliary  in  preventing  a  staphvlomatous  prominence  of  ik 
cornea  in  morbid  softening  daring  the  process  of  recovery;  H 
leaving  out  of  the  question,  whether  a  healthy  cornea  wouUW 
affected  by  it,  we  should  remember,  that  no  more  is  to  he  expedi 
from  a  compensating  llattening  than  from  a  ne-gative  gla»:  4i 
peculiar  morbid  process,  on  which  the  myopia  depends^  and  which  ■ 
high  degrees  threatens  the  destruction  of  the  eye,  would  roDiii 
unchanged.  Treatment  is,  alas,  partly  a  matter  of  fashion.  Thos  fr 
charging  the  aqueous  humour  from  the  anterior  chamber  of  the  fjff 
is  now  the  order  of  the  day.  Some  have  even  spot  en  of  applying  tkk- 
method  in  myopia.  K  it  be  intended  thereby  to  make  the  cornea  fllMr 
the  object  will  not  be  attained  in  this  way,  which  is  the  l^s  to  b 
regretted,  because,  as  I  have  already  remarked,  the  myope  wouW  r 
be  benefited  by  it  i  besides  the  paracentesis  referred  to  is  not  al^f «; 
itself  equally  h  armless.  We  formerly  Uved  under  the  rule  of  the  myoto- 
mists.  Rendered  rash  by  ignorance,  some  have  actually  em] 
their  operation  for  the  relief  of  myopia,  and  have  even  persuaded 
selves  that  they  had  thus  accomplished  a  cure.  The  truth  is,  that  ihtf 
in  general  subjected  not  myopic,  but  rather  hypermetropic,  eyes,  wbiA 
they  mistook  for  myopic,  to  the  operation,  and  that  even  in  these  tk 
latter  was  ineffective.  However,  in  another  point  of  view,  whm 
myopia  really  exists,  tenotomy  may  sometimes  be  applicable.  If  tht 
muscles  are,  as  a  result  of  extension,  permiinently  too  much  upot 
the  stretch,  and  if  the  bulb  is  consequently  hsu-der,  the  displaccmenl 
backwards  of  the  insertions  by  tenotomy  might  diminish  the  pressun^ 
and  thus  one  of  the  conditions  for  further  development  might  be 
removed.  Divisiou  of  the  tendon  of  the  rectus  ext^rnus,  is,  as 
saw  in  the  preceding  section,  not  uufrequently  indicated  for  promoting 
convergence  in  high  degrees  of  myopia,  and  by  that  division  the  bulk 
also  acquires  less  tension ;  now  it  has  been  proposed  to  divide  tli< 
tendons  of  the  rectus  intenms  and  rectus  extemns,  in  order 
diminish  the  existing  tension,  and  in  some  cases  this  has  actnill; 
been  done.  Further  experience  must  decide  as  to  the  value  of  tli4 
plan. — Lastly,  the  removal  of  the  crystalline  lens  has  also  heel 
suggested.     When  in  a  case  of  higlily  myopic  structure  of  the  eyq 
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affected  with  cataract  has  been  successfully  extractedj  and  a 
nearly  emmetropic  condition  hns  been  obtained,  the  operator  has  been 
exposed  to  the  temptation  of  enileavourinc:,  bj  the  abstraction  of  a 
Uonnnl  lens^  to  remove  tlie  myopia.  A  patient,  who  was  an  amateur 
m  dioptrics,  endeavoured  to  induce  me  to  perform  this  operation  ! 

But  I  need  not  say,  that  such  a  momentous  undertakings  doubly 
dangerous  where  a  myopic  eye  and  a  tmospareiit  lens  are  concerned, 
irithout  thrit,  even  in  the  most  favourable  case,  any  real  advantage  is  to 

expected,  would  exhibit  cidpnble  raslmess.     Not  only  would  the 

phyloma  posticum  continue  equnlly  threatening,  but  we  should 
ilso  have  sacrificed  the  accommodation — an  advantage  which  that  of 
fomewhat  larger  images  than  would  be  obtainable  by  neutralising 
glasses,  could  by  no  means  counterbalance. 

Prom  the  above  it  follows,  tluit  the  idea  of  curing  high  degrees  of 
myopia  with  developed  staphyloma  posticum  must  be  abandoned* 
The  question  is,  whether  shght  degrees  can  really  be  cured.  That^ 
through  senOe  ractamorphosis  at  an  advanced  period  of  life,  they  may 
give  way,  we  have  already  seen.  In  young  persons,  on  the  contrary, 
I  have  never  established  the  fact  of  any  diminution  of  the  myopia. 
Where  the  latter  appeared,  on  superficial  observation,  to  have  taken 
place,  spasm  of  accommodation  had  been  in  operation.  It  has,  how- 
ever, often  been  asserted  that  slight  degrees  of  myopia  have  yielded 
to  the  employment  of  suitable  measures.  Some  years  ago  Berthold* 
proposed  the  use  of  a  certain  desk,  called  m^opodifyrthotkon  (/)  by 
which  the  myope  was  compelled  to  remain  at  a  great  distance  from 
what  he  was  readingj  while  this  distance  was  systematically  increased. 
Burowt,  however,  shows  clearly,  that  no  diminution  of  the  myopia 
is  to  be  expected  from  this  plan,  as  the  accommodation  for  the 
farthest  point  is  only  a  passive,  and  not  an  active  operation,  and  he 
supplies  the  proof  from  the  experience  of  his  own  eyes.  BerthoUrs 
desk  was  also  tried  in  vain  at  Koningsberg;  and  according  to  von 
Haaner  the  attempt  at  Prague  was  attended  >vith  no  better  result.  How- 
ever, the  last-named  writer  expressly  states,  that  myopia  depending 
upon  slight  degrees  of  staphyloma  sclerotiece,  may,  particularly  in  the 
commencement,  be  again  duninished  by  restraining  the  eye  from 
looking  at  near  objects.  Kespect  for  Hasner's  ii  ecu  racy  cannot  pre- 
vent me  from  doubting  the  correctness  of  this  assertion.  I  have, 
U  circumsiances.  foand  steady  increase  of  M  ' 


*  Das  MyopodiorthoticoD,  1840. 
f  L  e,  p,  49. 
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atrophic  membrsnes  in  myopia^  might  be  bron^t  bade  i 
natimd  condition  is  simply  absurd.  We  should  not  efen  he 
approve  of  the  practice  of  those,  who,  in  order  to  compea 
the  excessive  length  of  the  visual  axis,  endeavoured  to  U 
arching  of  the  cornea  below  the  normal.  Systematic  piCMO 
excellent  auxiliary  in  preventing  a  staphylomatous  promineBa 
cornea  in  morbid  softening  during  the  process  of  reooreq 
leaving  out  of  the  question,  whether  a  healthy  comet  vi 
affected  by  it,  we  should  remember,  that  no  more  is  to  be  c 
from  a  compensating  flattening  than  from  a  negative  f^ 
peculiar  morbid  process,  on  which  the  myopia  depends^  audi 
high  d^rees  threatens  the  destruction  of  the  ^e^  would 
unchanged.  Treatment  is,  alas,  partly  a  matter  of  ftahion.  1! 
charging  the  aqueous  humour  from  the  anterior  chamber  of 
is  now  the  order  of  the  day.  Some  have  even  spoken  of  qqp^ 
method  in  myopia.  If  it  be  intended  thereby  to  make  the  oone 
the  object  will  not  be  attained  in  this  way,  which  is  the  Is 
regretted,  because,  as  I  have  already  remarked,  the  myope  vi 
be  benefited  by  it :  besides  the  paracentesis  referred  to  is  no 
itself  equally  harmless.  We  formerly  lived  under  tiie  role  of  fb 
mists.  Rendered  rash  by  ignorance,  some  have  actually  e 
their  operation  for  the  relief  of  myopia,  and  have  even  persuad 
selves  that  they  had  thus  accomplished  a  cure.  The  truth  is,  i 
in  general  subjected  not  myopic,  but  rather  hypermetropic,  eyi 
they  mistook  for  myopic,  to  the  operation,  and  that  even  in  1 
latter  was  ineffective.  However,  in  another  point  of  viei 
myopia  really  exists,  tenotomy  may  sometimes  be  applicable, 
muscles  are,  as  a  result  of  extension,  permanently  too  vm 
the  stretch,  and  if  the  bulb  is  consequently  harder,  the  displ 
backwards  of  the  insertions  by  tenotomy  might  diminish  the  ] 
and  thus  one  of  the  conditions  for  further  development  i 
removed.  Division  of  the  tendon  of  the  rectus  extemus, 
saw  in  the  preceding  section,  not  unfrequently  indicated  for  pi 
convergence  in  high  degrees  of  myopia,  and  by  that  division 
also  acquires  less  tension ;  now  it  has  been  proposed  to  d: 
tendons  of  the  rectus  intemus  and  rectus  extemus,  in  i 
diminish  the  existing  tension,  and  in  some  cases  this  has 
been  done.  Further  experience  must  decide  as  to  the  vak 
plan. — Lastly,  the  removal  of  the  crystalline  lens  has  a 
suggested.     When  in  a  case  of  highly  myopic  structure  of 
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viduals ;  its  dinutiutioe  I  Uave  never  observed.     Many  cases  qn 
here  and  there  lose  all  value  as  proofs,  because  it  does  not  appear  t 
the  farthest  poiBt  of  distinct  vision,  on  which  our  judgment  in 
instance  depends,  was  determined  with  tlie  requisite  accuracy,    Efi 
in  presence  of  the  case  quoted  by  von  Ilaiisner,  where  the  nsTOpiai 
said  to  liave  given  way  after   typhus,  I  cannot  abandoD  my  i 
ticisra.     Had  spasm,  |)erhap8,  previously  existed,  which  was 
removed  ?     Had  myosis  followed,  which  now   made    reading  at  [ 
greater  distance  possible  ?^ — However  this  may  be,  we  may 
doubt  the  diminution  of  the  staphyloma  posticum,  and  require  con- 
vincing  observations  from  those  who  aasert  the  contrary. 

The  task  of  the  oculist  in  myopia  resolvea  itself  into  the  fd 
iug  r—  ^  ^ 

L  To  prevent  the  further  development  of  the  myopiaj  and  {be 
occurrence  of  secondary  disturbances. 

2.  By  means  of  suitable  glasses  to  render  the  use  of  the  myop 
eye  easier  and  safer. 

3.  To  remove  the  asthenopia  muscularis  by  the  use  o(  glaraes 
by  tenotomy. 

4.  To  combat  the  secondary  disturbances  of  the  M. 

I.  In  the  exposition  already  given  lies,  I  think,  the  proof,  th 

where  predisposition  exists,  continued  accommodation  for  near  objects" 
promotes  the   development  of  staphyloma  posticnm.      Wheje  th 
predisposition  occurs  we  must  be  aware  of  it  even  from  youth. 
have  remarked  that  accommodation,  as  such,  is  not  in  this  case 
operation,  for  in  it  only  the  form  of  the  crystalline  lens  is  cha 
and  in  M  the  latter  has  undergone  no  change.     In  a  mediate 
therefore,  through  accessory  circum stances,  it  must  be,  thataccomn 
dation  for  near  objects  promotes  staphyloma  posticum.     Of  such  i 
cumstances  two  especially  come  under  obsiervation  :  itronp  amvergenee 
and  a  utoopinff  pmition.     As  to  tlie  iirst,  in  order  to  see  acutelj^g 
myopes  must  bring  the  object  within  the  region  of  accommodatiQ^B 
and  where  M  is  somewhat  advanced,  binocular  vision  under  these 
circumstances  requires  a  strong  convergence.      Children  and  young 
myopes,  with  great  power  of  accommodation,  are  even  accustomed, 
particularly  in  bad  hght,  to  bring  the  objects  much  nearer  to  the  i 
than  the  degree  of  the  myopia,  properly  speaking,  refjuires. 
strong  convergence  increasps  the  tension  of  the  eyeball  by  pressu 
of  the  muscles,  perhaps  also  by  pressure  against  the  surrounding 
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nes,  and  increnscni  pressure  proiuotes  the  sLipliylofnatons  disten- 
Kspeciallj  whea  comiucticing  insuttkieiKj  of  tbe  mm,  recti 
rni  renders  the  convergence  difficulty  the  ktter  is  combiued  with 
it  tension  of  the  eyebalL  Now  strong  convergence  mny  be 
in  various  ways.  In  tlie  first  phiee  we  c^itise  the  patient  to 
Dk  much  at  a  distance.  But  we  catinot  absolutely  forbid  looking 
objects,  and  we  therefore  give  spectaeles  which  bring  the 
ibest  point,  r,  to  a  sufficient  distance;  fur  example,  to  from  16  to 
Bhes.  At  the  same  time  the  patient  is  to  be  strongly  recom- 
&d  not  to  look  at  a  shorter  distance  than  16"  or  14",  to  which 
young  ]jeople  have  the  greatest  tendency ;  a  ruler  of  this  length  may 
serve  as  a  measure  to  parents  and  masters  as  well  as  to  the  myope 
himself.  Moreover,  it  is  desirable  that  often  (for  example,  every  half- 
hour)  work  shouh]  be  discontinued  for  a  couple  of  mirmtes. — In  very 
high  degrees  of  M,  only  one  eye  is  usually  employed  in  visionj  and 
thus  convergence  h  excluded.  This  appears  to  me  to  be  often  a  de- 
sirable condition  :  in  strong  M  binocular  vision  loses  its  value,  and  the 
tension  which  would  be  required  for  it  cannot  be  otherwise  than  inju- 
rions.  Now,  in  such  cases,  for  reading  no  spectacles  are  given;  in 
the  first  place,  because  the  acnteness  of  vision  has  osuahy  somewhat 
decreased,  and  the  diminution  of  concave  glasses  is  now  troublesiome  ; 
ill  the  second  place,  because  with  the  retrocession  of  r  injurious  elTorts 
at  convergence  and  at  binocidar  vision  might  be  excited.  In  any 
case  the  spectacles  should  be  so  weak  as  to  avoid  these  results. 

A  stooping  position  was  also  mentioned  as  a  promoting  cause  of 
M.  This  position  of  necessity  leails  to  accumulation  of  blood  in  the 
eye  :  under  the  influence  of  gravitation,  the  aiflux  of  blood  takes  place, 
in  fact,  under  higher  pressure,  and  until  the  efflux,  too,  more  pressure 
remains  in  the  veins ;  and  with  the  augmented  pressure  of  blood  the 
tension  of  the  iluids  in  the  eye  increases.  The  symptoms  of  irritation 
connected  with  hyperflemia,  which  in  young  people  usually  accom- 
pany progressive  myopia  are,  I  think,  for  the  most  part  also  to  be 
ascribed  to  the  cause  just  mentioned.  Even  in  noii'myopes  an  un- 
pleasant feeling  of  pressure  in  the  eyes  speedily  occurs  when  the  face 
is  held  horizontally.  Now  the  increased  tension  of  the  fluids  cert-aiidy 
promoteSj  as  such,  the  development  of  staphyloma.  But  in  yet  an- 
other way  the  acciunulation  of  biood  is  still  more  injurious,  namely, 
by  promoting,  perhaps  even  by  exciting,  the  inflammatory  alTections 
under  whose  influence  tlie  staphyloma  is  so  rapidly  develojjpd.  In 
the  hygiene  of  myopia,  therefore,  the  very   first    point  is  to  guard 
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against  working  in  a  stooping  position.  While  most  work 
place  in  a  horizontal  plane^  myopes  are  only  too  much  incUned  to ' 
it.  Such  a  habit  is  nsaallj  opposed  on  the  supposition 
the  thoracic  organs  suffer  from  it.  Without  denviug  this,  I 
however,  that  it  must  be  forbidden  chiefly  for  the  sake  of 
eves*  In  general  everything  will  be  useful  for  this  purpose  wl 
was  recomnientled  for  the  avoidance  of  strong  convergence  i  to  ke 
objects  removed  as  far  as  the  degree  of  myopia  permits ;  to  int 
work  frequently ;  by  suitable  glasses  to  bring  r  to  a  sufficient  i 
tance.  But  we  may  also  add  :  to  read  with  the  book  in  the  harul, 
and  in  writing  to  use  a  high  and  sloping  desk.  To  this  last  I 
attach  much  importance.  Eectilinear  drawing  on  a  horizontal  «air* 
fiwx  is  decidedly  very  injurious  to  myopes.  Again^  with  respect  to 
the  thoracic  organs,  mi\nj  think  that  in  writing  a  standing  position  is 
to  be  recommended.  For  that  I  see  no  particular  reason.  It  is 
sufficient  that  the  height  of  tlie  desk  suit  the  height  of  the  head^  aud 
that  the  inclination  be  as  great  as  circumstances  permit :  in  writiiig 
the  limits  are  when  the  ink  no  longer  flows  from  the  pen,  but  eve 
then  a  pencil  may  be  used. — ^Further,  those  who  are  highly  myop 
must  be  earnestly  dissuaded  from  everything  which  gives  rise  to  inT 
creased  action  of  the  heart,  and  to  tendency  of  blood  to  the  head, 
with  a  view  both  to  limit  the  progress  of  the  myopia,  and  to  prevent 
the  occurrence  of  secondary  affections. 


II.  The  prescribing  of  spectacles  for  myopes  is  a  matter  of  | 
importance.      While   emmetropic    and  hypermetji>pic  eyca  da 
reoifitly  experience  any  injury  from  the  use  of  unsuitable  glaascB^  I 
may  in  myopes,  particularly  on  account  of  the  morbidly  dist 
condition  of  the  eyeball,  and  of  the  tendency  to  get  worse,  be  veiy" 
dangerous. 

There  exists  in  general  a  dread  of  the  nse  of  too  strong  glasses. 
It  is  laid  down  as  a  rule :  rather  too  weak,  or  no  glasses,  than 
atrong.  In  this  rule  the  necessary  distinction  is  lost  sight  of, 
strong  glasses  make  hypermetropic  eyes  myopic,  and  myopic  ey 
hypermetropic.  The  rule,  therefore,  cannot  be  equally  true  for  boti 
In  fact,  it  is  in  general  much  less  injurious  to  produce  a  certa 
degree  of  myopia  Lliau  of  hypernjetropia,  in  wliich  last  parties 
much  is  required  of  the  accommodative  power.  The  rule  won 
therefore  be  more  correctly  stated  thus :  in  hypermetropia  we  must 
beware  of  giving  too  weak,  in  myopia  of  giving  t4)0  strong,  glasses  j  n 
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ie  tlie  second  part  of  which  we  should  especially  insist  upon.  But 
even  by  this  little  is  gained.  Not  using  glasses,  or  using  too  weak 
glasses,  may  also  be  injurious  to  myopes.  All  the  circumstances  must 
therefore  be  studied,  which  can  exercise  an  influence  ou  the  choice 
of  glasses.  It  is  difficult  to  reduce  these  t^  definite  rules.  But  to 
attempt  to  do  so  is  our  task. 

On  a  supertirial  view^  we  should  suppose  that  we  liave  only  com- 
pletely to  neutrahse  each  degree  of  myopm^  m  order  to  obtain  all 
the  advantages  connected  with  the  emmetropic  eye.  The  case  is, 
however,  quite  different.  If  in  neutralised  myopia  tlie  eye  is  equal 
in  its  farthest  point  to  the  emmetropic,  with  respect  to  the  relative 
hmits  of  accommodation  for  each  convergence  there  is  a  great 
d  I  (Terence,  and  in  acnteness  of  vision,  too,  it  usually  fails.  These 
ditferenees  alone  would  in  themselves  be  sufficient  very  much  to 
limit  the  indication  for  perfect  neutralisation,  and  we  shall  become 
acquainted  with  other  circumstances  still,  which  positively  forbid  it. 
The  indication  exists  only : 

l"^.  Ji7nfn  the  tjhimm  are  u^ed  ejcclumrel^  for  dUtant  vimoUf  for 
example,  in  a  double  eye-ghiss,  which  is  only  at  intervals  held  be- 
fore the  ty^^^  Evidently,  in  looking  to  a  great  distance  with  such  a 
glass  the  accommodation  is  in  a  state  of  re^t^  and  its  use  can  there- 
fore never  cause  any  injury.  But  so  soon  as  the  same  glasses  are 
used  for  shorter  distances  in  looking  at  drawings,  plate?^,  fee,  the 
exceptions,  of  which  I  shall  hereafter  speak,  come  under  observation. 

2°.  IFhen  the  m^opm  is  di^ki  in  reference  i<)  the  ran^e  if  necom^ 
modaiion^  and  the  eye  is  otherwue  healtht/.  In  this  case,  neutralis- 
ing glasses  may  he  worn  as  spectacles,  and  may  be  used  even  in 
reading  and  writing.  I  think  it  is  even  desirable  that  this  should 
be  done.  When  persons  with  moderate  degrees  of  myopia  have  in 
youth  accustomed  themselves  to  the  use  of  neutralising  sjiectacles, 
the  eyes  are  in  all  respects  similar  to  emmetropic  eyes,  and  the 
myopia  is,  under  such  circumstances,  remarkably  little  progressive. 
I  am  acquainted  with  numerous  examples  of  this  even  among  those 
of  my  friends,  who  have  passed  their  lives   in  study.     Glasses  of 

—  y-^,  adopted  at  seventeen  years  of  age,  are  often  still  sufficient  at 

forty-6ve  years,  both  for  seeing  acutely  at  a  distance  and  for  ordmaiy 
close  work.  Not  until  the  age  at  which  emnietrope^  need  convex  spec- 
tacles, and  often  even  some  years  later,  do  the  neutralising  spectacles 
become  rather  too  strong  for  close  work,  and  it  is  desirable  to  procure 
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somewhat  weaker  onesj  which,  with  the  narrower  pupil 
that  time  of  life,  are  now  nearly  sofficient  for  dist^mce  also.  Aii 
more  advanced  age^  according  to  the  degree  of  the  myopia, 
tcieiitly  correcting  s})€ctacles  may  be  worn,  and  laid  aside  for  work.- 
In  order  to  obtain  all  the  advantages  of  coQcave  glasses,  the  myofl 
must  begin  early  with  them.  If  the  myopia  amounts  only  to 
fourth  or  a  third  of  the  range  of  accommodation,  we  may 
atcly  wholly  neutrahse  it.  If  it  amounts  to  more^  we  mu5t 
begin  with  weaker  g^assesj  and  replace  the  latter  at  the 
of  six  months  with  stronger.  If  we  have,  without  the  uecessar^ 
transitions,  given  too  stroug  spectacles,  this  may  be  immediateW 
evident  from  too  great  a  distance  of  the  binocular  nearest 
but  in  any  case  it  will  be  manifested  by  the  occurrence  of  fatigo? 
(asthenopia)  in  close  work,  Li  this  res{jeci  great  individual  dilfer- 
encea  exist,  chiefly  dependent  on  the  position  of  the  relative  range 
of  accommodation.  If  tliis  be  unfavourable,  we  must  more  slowb 
increase  the  streiigth  of  the  glasses.  The  effect  of  wearing  gb 
is,  in  fact,  that  the  relative  range  of  accommodation  is  dispb 
becoming  gradually  the  same  as  tlie  i>osition  proper  to  emu 
tropic  eyes,  and  therefore  the  binocular  farthest  point  approach 
the  eye,  while  the  absolute  farthest  point  r  by  no  means  does 
so. — ^The  myopia  thus  neutralised  is  less  progressive,  because 
both  too  strong  convergence  and  a  stooping  position  are  avoided. 
But  if  the  tendency  to  these  is  so  great  that  they  still  occur 
in  neutralised  myopia,  the  use  of  glasses  is  dangerous,  and  mast 
be  discoutinneJ,  so  soon  as  it  appears  that  the  myopia  is  par- 
ticularly progressive.  In  this  case  it  is  necessary  for  a  time  to 
forbid  all  close  work. — Besides,  if  iu  the  cases  mentioned  the  use  of 
concave  glasses  is  desirable,  it  is  not  so  necessary  that  we  should 
always  be  compelled  to  adopt  them.  Women  particularly  ha? 
rigbt  to  be  allowed  some  liberty  in  the  matter. 

Many  circumMance^  forbui   (he  cmnplete   neuiralUiUkm    iff  i 
myopia.    They  are  connected  with : 

a.  The  degree  of  ike  myopia. — In  very  slight  degrees,  from  -,^  t? 


m 


— ,  we  may  leave  the  myope  to  himself; 

neutralisation,  as  I  explained  under  2%  is  desirable. 

degrees,  from     upwards,  perfect  neutralisation  is  not  pleasant  for 
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Close  work,  becaui^ej  with  regard  to  the  usual  dimiBution  of  the  acuirv 
ness  of  vision,  the  images  become  too  smalL  We  should  then  ratJier 
bring  r  to  12  or  16  inches,*  and  let  the  patient  wear  the»e  spectacles, 

with  which  a  lorgnette  with  glasses  of  —  fT,—  ysi   respectively,    is 

alflo  given,  which  may  for  distant  vision  be  held  before  the  spectacles. 
The  idea  that  there  ij?  anything  injurious  in  this  combination  is  an  un- 
founded prejudice.  We  may  also,  with  weaker  spectacles  for  work- 
ing, give  stronger  to  be  worn  ;  but  completely  neutralising  glasses 
are  not  pleasant  for  a  constancy,  because  the  myopia  is  usually  less 
in  indirect  than  in  dii"cct  vision.  If  in  general  too  strong  glassies  are 
to  be  carefully  avoided  in  myopia,  the  danger  to  be  apprehended 
from  their  use  is  greater  the  higher  the  degree  of  the  myopia  is, 

b.  The  range  of  at^ommodiif km, ~lf  the  range  of  accommodation 
be^  as  is  usually  the  case,  proportionate  to  the  time  of  fife,  the  proper 
mode  of  proceeding  is  inchided  in  what  has  been  said  under  2^.  In 
saying  this,  however,  we  take  for  granted  that  nearly  oeutndising 
gliflsea  have  been  used  from  youth.  If  this  has  not  been  the  case, 
the  peculiar  position  of  the  relative  range  of  accommodation  is  at- 
tended with  difficulties.    Moderate  degrees  of  myopia,  for  example  of 

jj^  wc  can  no  longer  completely  neutndise  at  tliirty-five  years  of 

age.  So  long  as  only  dii?tant  objects  are  viewed  with  neutralising 
«fcectacles,  all  is  tolerably  well ;  but  even  in  speaking  with  jjcople 
Ute  hear  complaints  of  the  tension  required  in  order  to  see  the  eyes 
and  face  acutely*  and  work  is,  on  the  whole,  not  to  be  maintained 
with  them.  We  should  then  contine  ourselves  to  glasses,  which 
bring  r  to  about  24',  giving,  if  necessary,  still  weaker  ones  for 
working,  and  at  the  end  of  six  montlis  or  more,  we  should  examine 
whetlier  we  can  increase  a  little,  without  causing  asthenopia, — Of 
the  optical  aids  in  actual  disturbances  of  accommodation,  I  shall 
treat  in  speaking  of  the  anomalies  of  accommodation. 

c,  Acukness  oftnmon.—ll[m  has  a  great  iutluence  in  the  choice 
of  glassed.  We  know  that  in  the  highest  degrees,  the  acuteness  of 
vision  is  usually  diminished,  and  therefore  we  must  be  very  careful. 

•  To  bring  r,  instead  of  to  oo,  to  n  inchoa,  we  give  glasses  which  are 
-  weaker  than  those  ret^uired  for  complete  neutralleiitian  of  thtit  myopia. 

If  strong  glasses  are  in  question,  the  distance  from  the  eye  is  also  to  be 
taken  into  acoount  ia  thct  caleulalian. 
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Von  Graefe  has  forcibly  insisted  on  the  great  danger  of  girmg  ^tn 
giasses  for  near  objectsj  where  the  acateneds  of  virion  is  dimi] 
The  objects,  e^ecially  letters  in  reaiiing^  then  appear  smaller, 
from  the  need  of  seeing  them  under  a  greater  visual  angle, 
shortfoghted  amblyopes^  in  order  to  be  able  to  bring  them 
put  their  accommodative  power  with  all  their  might  upon  the ! 
and  both  thus,  and  by  the  accompanying  convergence,  promote 
existing  stHphylomo.     But,  on  the  other  hand,  without  glasses, 
convergence  is  still  stronger,  and  the  tendency  to  the  bent 
is  still  greater*     We  thus  find  ourselves  in  a  sad  dilemma,  wS 
to  be  avoided  only  by,  in  great  part^  forbiddbg  close  work. 
most  favourable  circumstance  is  when  in  near  vision  convergence  < 
not  take  place,  and  thus  only  ooe  eye  is  used.     Less  injury  is  then  1 
be  expected  from  reading  without  spectacles,  with  the  book  in  the  hazi^l 
but  writing  must  be  avoided.    In  the  same  cases  we  may  permit  older 
persons  to  wear  partially   Tieutrali:?ing  spectacles,  and    with  tbescj 
spectacles,  aided  by  a  reading-glass,  occasionally  to  pernse  i 
tiling,  winch  may  in  this  way  be  done  at  a  greater  distance  (ooB 
pare  pp,  ££9  e^  seq,),    Smee  advises  that  his  amplifier  s^hould,  uiid 
these  circumstances,  be  used.     In  any  case  we  shoidd  insist  upon 
moderation  in  reading,  and  on  the  selection  of  large  print,  although 
the  latter  is  also  attended  with  particular  difficulties.- — For  the  pui^ 
pose  of  distinguishing  pretty  well  at  a  distance  in  the  highest  de 
of  myopia  with   diminished  acateness  of  \ision,  there  is  no  otli 
means  timn  the  use  of  a  double  eye-glaj?s,  or  of  the  very  portab 
gIa0S*eonus  of  Steiuheil'^  for  a  single  eye.     In  such  cases^  a  whollf 
neutralising  concave  glass  makes  the  distant  images  appear  so  sma 
and  the  objii^cts  so  remote,  that  vision  is  by  no  means  satisfactofj 
Imperfectly  iieutnilising  glasses  in  a  stenopseic  frame,  which  limits 
the  remaining  circles  of  diffusion,  answer  still  bettejr. 

d.  Aq€, — The  influence  of  age  is,  for  the  most  part,  comprised  1 
the  diuiinution  of  the  range  of  accommodntion,  and  of  the  acutene 
of  vision.     At  a  very  advanced  time  of  life,  we  need  attend  le 
to  the  fnture  than  to  tlie  present.      We  may  therefore,  in  order, 
with  diiaiuished  acutene^s  of  vision  to  make  reading  still  possiht^ri 

"  A  uiinple  solid  conua  of  glaas,  about  one  inch  lon^>  the  base  convex,  tft^" 
opposite  fturfnc^  concave^  with  a  smtillt^r  radius  titan  the  convex.  It  RCts  as 
a  Gftliletin  telescope  •  parallel  ray§,  refracted  on  the  convex  siirfacef  are 
converging  io  the  g^lass,  andt  refracted  again  on  the  concave  surface^  obtain 
A  diverjiing  dirtetion,  and  can  also  unite  on  the  retina  of  a  corresponding 
mynpio  eye.  The  magnifying  power  increases  for  the  glass-coni,  rec^uired 
in  high  degrees  of  ttiyopia.    Such  coni  are  to  be  had  of  Steinheil,  Munich. 
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m  the  slighter  degrees  of  myopia,  even  with  convex  glasses,  bring  r  ' 
to  6"^  5',  and  even  closer  to  the  eje.     We  should  give  only  snch  a 
form  of  glasses  as  the  patient  cjui  easily  see  over.     Old  people  seldom 
know  how  to  derive  much  benefit  from  glasses  a  double fo^er, 

e.  The  nature  of  the  work,  and  lite  dut-4ince  at  which  it  is  to  be 
peifortnvd. — He  who  in  youth  neutralises  his  myopia,  can,  if  his 
sight  be  otherwise  good,  also,  later  in  life,  perform  ordinary  work  at 
any  distance  required.  He  who,  on  the  contrary,  either  could  not 
or  would  not  wear  spectacles,  retains  tbe  relative  range  of  accommo- 
dation peculiar  to  myopes,  and  now,  when  for  any  particular  object 
vision  is  required  at  a  somewhat  greater  distance,  lie  cannot  use  com- 
pletely neutralising  spectacles*  The  rule  is  with  the  glasses,  therefore, 
to  bring  the  farthest  point  precisely  to  the  distance  at  which  acute 
vision  is  needed.  The  necessity  for  this  is  felt  most  in  ladies,  for 
the  reading  of  music,  when  r  must  be  brought  to  from  18"  to  24*. 
Meanwhile,  they  can,  for  distant  vision,  use  a  neutralising  eyeglass. 
It  is  also  in  general  desirable  in  writing  (in  reading  it  is  less  neces- 
sary)! wi  order  to  prevent  a  stooping  position  and  strong  conver- 
grnce,  to  bring  r  to  from  14"  to  16",  sometimes  even  to  18",  to  make 
letlger-work  possible.  Lastly,  in  order  to  see  the  wanting  in  lectures, 
especiaJfy  in  the  pidpit,  the  farthest  point  must  he  brought  precisely 
to  the  requisite  distance,  rarticuliir  attention  is  necessary^ — even 
though  spectacles  were  always  worn^ — in  the  case  of  elderly  people, 
who  have  lost  their  power  of  accommodation,  and  have  not  perfect 
accuracy  of  vision, — in  genenil  in  those  whose  myopia  cannot  be 
neutralised.  More  especially  where  there  is  diminished  acntencss  of 
vision  we  meet  with  ditlicuhies,  which  by  diminishing  the  distance  as 
much  as  possible,  and  giving  proportionately  weaker  glasses,  we 
cannot  always  overcome.  Persons  so  circumstanced  are  not  satisfied. 
They  reail  the  smallest  writing  at  S'  or  4'  distance,  and  are  surprised 
that  they  c4innot  with  spectaclrs  see  much  larger  writing  at  18'. 
They  do  not  consider  that  the  distance  is  from  four  to  six  times 
greater,  and  that  by  the  concave  glasses  the  images  are  still  further 
diminished,  Consequeiitly  there  is  nothing  to  be  done,  but  to  write 
L  particularly  large. 

A¥e  have,  in  a  separate  section^  treated  of  tlie  vision  of  myopes, 
We  have  also  examined  the  direct  influence  of  glasses  on  observation, 
and  on  the  estimation  of  what  is  observed  (pp.  143  et  seq.),  and  we  need 
the  less  to  return  to  the  subject,  Isecause  many  points  bearing  upon 
it  came  again  under  our  notice  in  speakiTitr  of  the  indications  and 


MTOriA. 


[»iu  oi  oofiemve  gjiMgi.  A»  lo  the  indirect  inSneott 
(Ule  result  of  loiifer  use),  we  became  aoqtuaoted  with  tbe  bfbm* 
mmA  of  the  relative  range  of  aocommodatioii,  and  llie  mfpima^ 
ti<m  of  the  bioocttlar  nearest  point.  We  majr  stilJ  add  thai  the  at  fint 
taeorred  eatiiiialioa  of  roagTiittide,  distaooe,  and  fono^  is  txieaiij 
qiiirkly  \mi.  It  b  reoiaikafale  how  mjopes,  whea  aaaig  spedado^ 
immcdintclj  begin^  imconackmsly,  to  write  larger  than  befoii^  ui 
how,  after  Bome  tim^  tbej  involuntarily  resume  their  stnalla^  hand* 
writing,  unlesa  with  considerable  energy  thej  leaiat  the 
do  90.  Another  result  of  wearing  apectadea  isi  that  bjr  being  \ 
tomed  to  look  nearly  through  the  axes  of  the  glofloca,  the 
giadnaUjr  limit  their  znovemeaits.  After  the  removal  of  tbr  - 
tmA&,  too»  this  limitation  coutinuesj  and  the  tuovementa  oi 
heail  especially  provide  for  the  neoesaity  just  mentioned,  giving 
a  peculiar  bearing  to  myopes  who  are  accustomed  to  wear  j 


in. — We  have  already  seen  that  in  high  degrees  of  myopia  the 
intern  il  recti  muscles  are  often  insufficient,  and  that  this  insuifieieDCj 
miiy  be  developed  through  different  degrees  to  relativci  and  even 
to  nb»olute  diverging   strabismus  (§  SI).      The  insufficiency  first 
maiiesi  i^iscdf  known  by  asthenopia  muscularis  in  binocular  viaion  for 
near  objects,     Somctiuies  we  find  [at  le-ast  temporarily)  the  propg   ^ 
remedy  for  this  state  uf  thitigs  in  concave  glasses,  which  bring  ^flj 
fx)  froiJi  12"  to  14",  and  we  may  try  these^  if  there  is  no  contraiud^^ 
cation  for  other  reasons  against  tbera*     In  using  them  we  may,  if  it 
seems  necessiiry,  somewhat   diminish   the  mutual  distance  of  the 
glasses,  by  whirh  le-^s  is  required  of  the  internal  muscles  (eomimre 
p,  167)*     In  other  cases  the  use  of  spect-acles  may  itself  give  rise  to 
asthenopia  muscularis.     Thus,  in  very  high  degrees  of  myopia  rela- 
tive diverging  strabismus  is  a  very  camnion  occurrence :  for  the  short 
(iifitanee,  at  which  vision  is  distinct,  the  convergence  is,  in  fact,  in- 
sufficient,  and  tlierefore  only  one  eye  is  used,  while  the  other  deviat^^H 
outwards.  When,  in  such  eases,  r  is  by  concave  glasses  brought  to  ^^ 
greater  distance,  the  effort  at  binocular  vision  sometimes  returns;  and 
the  niusculi  recti  intcrni  are  then  obliged  to  exert  themselves  so  power- 
fully, that  asthenopia  muscularis  is  unavoidable.     Now  this  is  n( 
tnily  troublesome  and  fatiguing,  but  it  is  also  injurious,  as  it  affi 
the  f»irther  develupraeot  of  tlie  myopia.     If  the  one  eye,  so  soon 
it  is  covered,  percejitibly  denatea  outwards,  and  on  removing 
hand  again  turns  inwards,  in  order  to  resume  its  former  directioi 
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we  may  expect  the  occurrence  of  asthenopia  muscularis.  It  is  often 
difficult  euouieh  to  decide  what  is  to  be  doue  in  such  eases.  For 
the  rules  applicable  to  insuificieucj  of  the  internal  ttiuscles  hi  non- 
myopeHj  by  no  means  hold  good  in  the  asthenopia  inuscularis  of 
myopic  individuals.  In  the  former  the  condition  refi^rred  to  is,  in 
the  first  place,  free  from  danger,  and  it  is  even  allowable  to  try  by 
systematic  practice  with  prismatic  glasses  to  excite  the  energy  of  the 
internal  n^  u  scles .  1  n  my  op  ia,  on  the  contra  ry ,  c  ure  o  f  tl  i  e  i  nsuffi  cie  n  t-y 
of  the  intcnial  recti  nnis*clcs  is  not  to  be  thought  of.  Once  begun, 
the  iosuBiciency  develops  itself  more  and  more,  in  double  j>roporiion, 
when,  as  is  usual,  the  myopia  is  progressive.  Often  no  other  residt  is 
possible,  than  the  exclusion  of  the  one  eye,  with  divfrgiug  strubisnuis. 
In  the  worst  cases  the  mobility  is  even  so  hmited,  that  it  is  insuffi- 
cient both  inwardly  and  outwardly*  Both  these  contli Lions  liave 
been  distinctly  enough  put  forward  iti  the  prect^ding  paragraph. 
Seeing  the  danger  connected  with  strong  action  of  the  njusculi  recti 
interni,  and  the  prospect  of  not  being  able  to  prevent  the  progress  of 
the  insufficiency,  I  have  often  asked  myself,  whether  we  must  not 
simply  submit  to  the  tendency  to  ontward  deviation,  which  removes 
the  asthenopia  muscularis  by  the  iutervention  of  relative  strabismus 
divergens.  Von  Graefe*  is  of  opinion  that  we  should  decide  npon 
tills  sacrifice  only  m  excessive  myopia,  in  order  to  avoid  asthenopia. 
A  middle  course  may,  however,  also  be  adopted :  we  may  allow 
reading  without  ghisses,  that  is  with  the  exclusion  of  one  eye;  but 
for  writing  and  other  work,  which,  to  prevent  a  stooping  position, 
must  tie  performed  at  a  somewhat  greater  distance,  we  should  give 
prismatic-concave  gla^aes.  The  concavity  of  these  should  be  such 
as  to  bring  the  farthest  point  to  from  12"  to  16",  anrl  the  augle  oi 
the  pristn  should  be  so  great  that  in  looking  to  a  distance  of  from 
12'  to  W^,  covering  one  eye  should  no  longer  be  followed  by  any 
outward  movement.  Vou  Graefe  is  a  great  advocate  of  this  com- 
bination, which,  if  it  is  arranged  with  strict  care  for  individual  cases, 
really  renders  binocular  vision,  without  asthenopia,  possible*  If  we 
are  particularly  successful  we  may  allow  these  glasses  to  be  used  also 
in  reading;  if  the  difficuJti*^^  are  not  altogether  removed,  their  use 
must  be  hmited  to  writing,  but  even  in  tliis  moderation  must  be  ob- 
served; and  if,  after  repeated  etFurts,  the  patient  continues  to  com- 
plain, we  should  not  hesitate  to  sacridce  the  one  eye. 

"  The  proper  principal  remedy/^  says  von  Graefe,  "  is  above  all 
•  Arckiv/ur  Ophihahtmhffie,  B.  viU.  Abth.  2,  p.  31 -J. 
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tenotomy  of  tic  musculas  rectus  externus."     Even  where  mjnpu 
is  the  cause  of  the  affection  it  luay  sometimes  yield  excellent  results* 
III  such  casea  it  is,  howeverj  comparatively  rarely  adopted,  so  long 
as  there  is  merely  simple  insufficiency  of  the  recti  muscles,  with- 
out strabismus  divergens.     The  cause  of  this  is  the  limited  raobilitj 
of  the  eyes  in  the  high  degrees  of  myopiaj  the  basis  of  which  we 
have  already  indicated.    It  will,  in  fact,  in  general  be  admissible  oaljr 
when,  after  the  operation,  no  permanent  converging  strabismus  in  dii- 
tiint  vision,  even  in  lookin^^  somewhat  towards  the  side  operated  on, 
is  to  be  expected.  Von  Graeie  has  from  this  point  of  view  established 
the  indications  with  gre^it  accuracy.     The  condition,  ^ine  qua  non,  lot 
tenotomy  is  this :  that  under  the  attempt  at  single  vision,  a  sufficietit 
divergeuce  of  the  visual  lines  should  appwir  to  be  possible.  This  should:] 
be  tried  (after  neutralisation  of  the  myopia  by  concave  glasses  placed 
at  a  proper  distance  from  each  other)  with  prismatic  glasses;  we  should' 
investigate,  with  what  prismatic  glasses,  held  with  tlie  refracting  angl 
outwards  before  the  eyes,  single  distant  vision  is  stiU  attainable. 
strongest  glasses  theu,  which  can  still  be  overcome,  give  the  measure 
the  jK>ssible  divergence*    It  is  allowable  now  so  to  perform  teuotora; 
that  this  possible  divergence  shaD  be  completely  removed.  Even  conver- 
gence of  from  1  to  1^  mm.  may  at  tirst,  in  looking  straight  forwardj 
be  obtaiued,  which,  after  ciciitrisation,  again  gives  way.    Wlien,  witl 
out  the  employment  of  prismatic  glasses,  in  distant  vision  divergenoft' 
of  the  visual  lines  already  exists,  there  is  not  the  slightest  difficulty  in- 
the  way  uf  tenotomy,  although  we  should  still  even  then  endeavour  to 
determine  the  effect  to  be  obtained  by  the  maximum  of  the  prisms 
be  overcome.    But  we  must  not  suppose  that  with  the  removal  of 
possible  divergence,  we  have  always  made  binocular  vision  for  ne 
objects  easy :  when  deviatiou  of  the  eye  behind  the  hand,  at  the  dii 
tance  at  which  hinoeuliir  vision  is  desired,  is  much  greater  than  thi 
utmost  divergence  which  we  are  allowed  to  correct  by  tenotomyj  w< 
shall,  after  this  correction,  retain  an  insufficiency  for  this  distance,  which,' 
with  binocular  \nsiou,  if  it  is  not  wholly  absent,  wall  still  give  rise 
asthenopia.     We  must,  therefore,  in  such  cases   bear  in  mind  thai 
after  tenotomy,  the  correction  must  he  supplied  by  prism atic-concavi 
glasses.    Hence,  therefore,  it  also  follows,  that  when  in  distant  vision' 
only  comparatively  very  weak  prisms  can  be  overcome,  the  operation 
certainly  effects  almost  nothing,  and  where  it  ap[)ears  that  no  divergence 
is  |jowsible,  tenotomy  is  aljsolntely  contra-indicated.    Certain  rules  for 
regulating  the  effect  of  tenotomy  according  to  the  degree  of  the 
deviation,  are  kid  down  by  von  Graefe.     Personal  experience 
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Bbwever,  also   necessary.     lo  geticTal,  I  found  in   stronglj  myopic 
individuals  the  effect  of  tenotomy  to  be  less. 

lY.  Therapeutic  TreatmenL — For  myopia,  as  such,  there  is  no 
therapeutic  treatment.  Myopia  consists  in  an  anomaly  of  form 
capable  of  no  improvement,  and  of  which  only  hygienic  measures 
mnstj  if  possibh*,  prevent  the  furtlier  development*  But  it  is  not  un- 
frequently  complicated  with  symptoms  of  irritation  aufl  inflammation, 
and  with  other  pathological  deviations  of  ditferent  kinds,  which  partly 
proceed  from  it,  partly  promote  its  further  development ;  and  with 
respect  to  these  it  is  the  duty  of  the  therapeutist,  to  the  best  of 
Ills  ability,  to  interfere.  It  is  not  part  of  the  plan  of  this  work  to 
enter  into  detailed  discussions  respecting  tlierapeutic  questions. 
Wliilc  it  treats  of  anomalies  of  refriiction,  it  must  mtdic  known  the 
dioptric  remedies  which  counteract  them;  but  it  cannot  treat  in  extenm 
of  coraphcations,  which  neither  necessarily  belong  to  the  essence  of 
these  anomalies,  nor  are  characteristic  of  them — much  less  still  of 
their  treatment*  Consterjuently,  only  brief  indications  are  to  be  ex- 
pected here,  respecting  treatment,  in  connexion  with  some  prognostic 
hinta. 

In  the  foreground  appear  symptoms  of  irritation  at  the  period  of 
puberty,  charactens^ed  by  capillary  hyperfcmia  of  the  nerve-surface 
(and  of  the  retina),  and  by  fatigue  and  pain  in  the  eyea,  especially 
on  exertion  in  the  evening.  Under  such  circumstances  we  should 
be  particularly  strict  with  respect  to  tlie  hygienic  directions  (com- 
pare p.  408),  which  are  in  themselves  in  many  cases  sufficient.  It 
is  also  of  great  importance  to  keep  the  feet  warm.  Often,  too,  a 
douche  on  the  closed  eyelids  is  agreeable.  If  the  symptoms  do  not 
give  way,  we  may,  with  avoidance  of  a  stimulating  diet,  combine 
some  derivation  on  the  intestinal  canal,  and  we  may  in  addition 
recommend  the  applicatiori,  to  the  frontal  and  temporal  regions,  of  a 
srimulating  embrocation,  composed,  if  there  be  any  coexisting  external 
irriUition  of  the  eyes,  rather  of  non-volatile  ingredients.  At  the 
same  time,  especially  when  it  appears  that  the  myopia  is  rapidly  pro- 
gressive, ail  tension  must  be  avoided.  So  far  as  work  is  permitted, 
this  must  be  acromphshed  in  slight  degrees  of  myopia  without  spec- 
tacles, and  in  higher  degrees  r  must  be  brought  accnrately  to  twelve 
inches.  If  fatigue  or  pain  should  occur,  work  must  in  either  case 
be  suspended  j  and  if  the  use  of  sjjectacles  appears  mort*  rapidly  to 
cause  fatigue,  we  should  not  lay  stress  upon  their  adojition,  but  take 
care  only  that  the  patient  maintains  a  proper  position  in  whatever 
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work  he  still  |>crrormsi.  If  it  be  smspected  that  the  sytDptom«  ( 
irritation  have  cxcitetl  spasm  of  accomoifMlation,  as  ofleii  occurs  VL 
high  degrees  of  invopia  in  youth,  we  should  employ  sulphate 
atropia,  partly  to  teat  the  truth  of  the  sujiposition,  partly  to  remo 
the  Bpiisiu  and  to  prevcut  it  returaing  on  each  effort  to  sefc 
inay  then  even  continue  tiiis  applir^ilion  for  some  days,  wli 
the  myope  becomes  accustomed  to  look  at  the  greatest  distaii 
of  distinct  vision ;  unnecessary  convergence  is  thus  prevented,  i 
from  this  plan  no  injury  is  to  be  apprehentled,  provided  we  cause 
the  patient  to  avoid  strong  light,  or  to  moderate  it  by  means  of  j 
gksses.  In  ease  of  a  relapse  of  the  symptoms  of  irritation, 
sipaE<m  of  accommodation,  the  application  of  Heurteloup's  artific 
leeciies  to  the  temple?,  followed  by  twenty-four  hours'  stay  in 
dark,  with  gradual  tratij^itiou  to  light,  has  been  found  very  usefid, — 
In  spite  of  all  efforts,  however,  these  symptoms  of  irritation  in  some 
constantly  recur.  If,  moreover,  the  myopia  is  rapidly  progressive, 
the  patient's  state  is  serious  enough  to  make  it  nec-essary  to  warn  him 
against  choosting  an  occupation  in  which  close  work  would  be  con* 
stautly  required  ;  above  all,  such  myopes  should  not  be  ofEce-clerks. 
But  such  cases  are  ntre :  with  few  exceptions  ihe  inconveniences  dis- 
appear before  the  twentieth  year. 

At  a  later  period  of  life,  the  acutene^s  of  vision  some 
diminishes  in  high  degreej!^  of  myopia  in  a  few  months  in  a  ma 
to  cause  considerable  uneasiness.  In  these  ciises  the  hyperseii 
the  borders  of  the  atrophy  often  le^ds  us  to  suspect  the  existenoe  i 
prtigressive  myopia,  while  to  this  state  of  things  other  signs  of 
irrit4ition  are  usually  added.  If,  in  such  instances,  no  organic 
changes  are  ophthalinoscopically  to  be  observed  in  the  region  of  the 
yellow  spot,  we  almost  always  obtain,  within  a  few  weeks,  a  con- 
siderable improvement  of  the  acuteness  of  vision,  by  the  weekly  ab- 
straction of  blood  after  Heurteloup's  method,  by  keeping  the  patieel 
in  a  moderate  light,  and  by  making  him  avoid  tension  of  the  ejm, 
combining  this  plan,  according  to  circumstances,  with  the  nst  of 
the  douche  and  of  a  stimulating  embrocation,  with  derivation  by  the 
intestinal  canal  and  stimulating  pedilnvia.  Even  when  there  aie 
perceptible  morbid  changes  in  the  yeUow  spot  we  need  not  despaiTt 
so  long  as  subjectively  a  defined  scotoma  does  not  remove  direel 
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In  persons  of  60  years  and  upwards,  with  myopia  of  -  ; 


eveiiof  y,  1  have,  by  following  the  above  directions,  seen  the  i 
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Hess  of  vision  rise  from  ^  or  —  ,  to  -  or  ^,  and  thus  become  quite 

sufficient  for  writing  and  reading.  It  is  quite  a  diirt  rent  tiling  when 
a  circumscribed  scotoma^  ophtiialmoscopically  perceptible  in  the 
I  yellow  spot,  is  also  perceptible  to  the  patient,  ^Ilns  indicatf-s  a  pro- 
^Bbund  disturbance  in  the  seat  of  direct  vision.  Blindness  is  in  general 
^Biot  particularly  threatened  thereby ;  hut  improvement  of  direct 
^ffision  is  not  to  be  expected,  and  if  both  ejea  are  erjnally  affected, 
'  ^the  patient  must  prepare  himself  for  the  impossibility  of  reading, 
writing,  or  performing  minute  work, — ►In  cmi^^  of  accessory  chorio- 
iditis disseminata  the  same  directions  are  to  be  observed.  In  such 
we  must  expect  repeated  improvement  and  aggravation  of  the  affec- 
tion. After  many  years,  however,  the  result  usually  becomes  so 
nnfavonrabkv  that  ordinary  work  can  no  longer  be  performed. 
Motes  are  at  the  same  time  often  present  in  the  vitreous  htimour  ;  of 
the  cause  of  these  I  have  already  treated.  Especially  under  these 
circumst4inces  it  is  usual  to  prescribe  a  long  coarse  of  small  doses  of 
preparations  of  iodine  or  mercury,  I  too,  have  repeatedly  done  this, 
but  I  woidd  not  venture  absolutely  to  assert,  that  I  have  »eeii  favour- 
able results  from  it.  Many  patients  give  themselves  more  trouble 
about  these  motes  than  they  deserve.  If  no  definite  morbid  changes 
threaten  the  yellow  spot,  we  may  give  a  comparatively  favourable 
prognosis ;  we  shoidd  advise  that  the  attention  should  be  as  much 
as  possible  withdrawn  from  them,  and  the  attempt  to  do  this 
should  be  seconded  by  causing  the  patient  to  wear  nearly  neutral- 
ising glasses,  made  so  as  at  the  same  time  to  moderate  the  light, 
and  thus  to  make  the  shadows  of  the  motes  appear  k»ss  defined.*— 
I  Complaints  of  persistent  photopsia  are  yet  louder,  but  nre  fortunately 
^P  rarer*  It  occurs  chiefly  in  diffuse  atrophy,  and  indicates  a  state  of 
f^  irritation  of  the  optic  nerve.  I  have,  in  addition  to  the  above- 
L  described  treatment,  tried  numerous  remedies  against  it,  among 
^Bothers,  narcotics,  hut,  so  far  as  I  recollect,  always  io  vain.  The 
^^complaints  were,  in  some  cases,  especially  in  nervous  women, 
laraeutable,  and  it  has  often  surprised  me,  that,  with  such  signs  of  eon- 
L  tinual  irritation,  the  acutenesa  of  vision  was,  in  the  course  even  of  some 
[  years,  but  slightly  diminished. — Against  the  most  melancholy  compli- 
cations of  myopia,  etfusion  of  blood,  and  detachment  of  the  retina. 

Opaque  menibraneB  in  the  vitreous  humaur  caase  more  disturbaiici^. 
The  most  recent  experience  of  von  Qraafe  rdaes  the  question  whether  some 
esults  are  not  in  theeo  caBes  to  be  ohijiined  by  operation. 
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treatment  is  almost  powerless.  Id  cases  of  effasion  of  blood  in  ti 
vitreous  humour,  we  may  expect  absorption,  learing  behind  it  some 
opaque  motes  and  membranes.  The  metamorphosis,  under  which  tli 
absorption  takes  plsice,  is  a  spontaneous  process^  wJiich  treatment  ( 
not  promote,  and  the  phjsician  has*  therefore  to  confine  himself  to 
hygienic  mles,  and  to  such  derivative  or  constitutional  treatment  i 
may  appear  to  be  adapted  to  eaeh  individual  case.  Pressure,  by  i 
of  a  bandage  applied  at  intervals,  might  probably  favour  absorj)tioo, 
but  when  the  bandage  is  taken  off  the  tension  of  the  fluids 
diminished,  and,  as  appears  on  ophthalmoscopic  investigation,  t^l 
fwsels  are  distended,  whereby  the  danger  of  fresh  effusion  must  i 
o^sarily  be  increased.  After  repeated  relapses,  the  vitreous  humoo 
remains  opaque,  and  the  fundus  oculi  is  sometimes  wholly  invisible, — 
Occasionally,  after  repeated  effusion  of  blood  in  the  vitreous  humour, 
local  detachment  of  the  retitia  occurs,  in  some  cases  certainly  lo 
consequence  of  blood  accumulated  between  the  retina  and  the. 
chorioidea.  Partial  absorption  is  here  also  to  be  expected,  but  tb 
detached  portion  of  the  retina  never  again  resumes  its  function 
The  prognosis  in  detachment  of  the  retina  by  a  serous  fluid,  such  as 
often  occurs  in  high  degrees  of  myopia,  is  somewhat  less  unfavourable. 
Irritation  of  the  chorioidea  and  diminished  connexion  by  displacc^J 
ment  of  the  retina  over  the  disproportionately  extending  atrophy  d^| 
the  chorioidea,  must  tend  to  promote  tliis.  In  very  rare  cases  ab-^" 
sorption  may  occur,  which  many  endeavour  to  promote  by^  means 
all  kinds  of  remedies  (mercurials,  preparations  of  iodine,  derivani 
sudurifics),  very  problematical  in  their  action ;  but  in  general  im- 
proveinent  of  the  sight  depends  njion  the  fluid  sinking  to  bene^ 
the  seat  of  direct  vision,  or  upon  a  diminished  morbid  condition 
the  parts  of  the  retina  bordering  upon  the  detachment.  Rupture 
the  retina*  is  so  far  advantageous,  as  the  danger  of  further  detacl 
ment  appears  thereby  to  be  lessened.  This  fact  it  was  which  chi 
suggested  the  idea  of  dividing  the  detached  part  by  incision.  Sicl 
had  already  at  an  earlier  period  advised  the  discharge  externally  of  t 
efli*used  fluid,  by  puncturing  the  sclerotic  in  the  seat  of  the  detachmi 
This  is  attended  with  no  difficulty  whatever ;  but  it  does  not  appear  tl 
any  advant^Jge  is  obtained  by  it.  The  irjcis^ion  of  the  detached  part  wi 
performed  chiefly  by  Adolf  Weber  and  by  von  Graefe,t  with  a  two- 

*  Liebreich  gives  a  good  representation  of  it»  Atlaa  tf  Ophthalmo»copt€f 
Tab.  vii.  Fig.  L 

t  Compare  Archivf.  Ophihalmnlogie^  B.  ix.  p.  85. 
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"^grd  needkj  carried  from  the  inside  tli rough  the  vitreous  hnmour. 
^athb  mauner  a  comajuiiicatioD  wa3  estabUshed  between  the  lluid 
^■umulated  behind  the  retina  and  the  vitreous  huinonr,  with  which 
iff  mingled ;  and  the  difference  of  pressure,  which  plays  a  part  in  the 
origin  and  further  development  of  the  atTection,  was  tlius  removed. 
No  injurious  effect  resulted  from  the  operation ;  in  some  cases,  at 
least  at  first,  some  improvement  was  observed ;  but  experience  has  as 
jret  by  no  means  decided,  whether,  and  in  what  cases,  permanent 
benefit  is  to  be  obtained  by  this  method  ;  hitlierto  it  has  been  em- 
ployed almost  exclusively  in  old  and  nearly  hopeless  eases.  It  has,  in- 
deed, appeared,  that  in  staphyloma  posticnm  the  danger  of  extension 
of  incipient  detachment,  and  consequently  of  increasing  destruction 
of  sight,  is  greatest.  Tliis  therefore  justifies  the  practitioner  in  more 
boldly  attacking  precisely  these  cases  in  the  commencement. — In  all 
cases  of  recent  detachment  of  the  retina,  in  addition  to  the  ordinary 
hygiene  of  the  eye,  jolting,  vibration,  &c.  (in  carriages  and  on 
railways),  as  well  as  violent  exertion  in  fatiguing  work,  are  to  be 
strictly  forbidden. 


For  the  Bake  of  illustration  I  will,  in  conclusion,  endeavour  to 
sketch,  in  a  few  lines,  the  most  frequently -occurring  types  of  myopia, 

Shght  degrees  of  myopia  escape  the  observation  of  the  patient 
himself. 


I.  Mr.  S,  brings  me  his  son,  a  boy  of  15  yeara,  who  has  be«n  rejected  fiT 
nearaightedness  at  the  Military  Aeademy.  '*  The  lad  ia  not  nearaigliled,  he 
reads  the  smallest  wiiting  still  farther  tban  he  cim  reach."     At  twenty  feet 

be  aees  only  No,  60,  with  —  ,^  No,  20,  with  —  —  no  better,  with  —  —  and 
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partioularly  widi  —  —less  acutely.  He  has  therefore  M  =  -,  and  therejeo- 

tion  is  legitimate.  OphthalmoBcopically  soareely  a  trace  of  atrophy  is  found, 
but  the  papillic  are  red.  He  has  latterly  worked  very  hard,  in  the  evening, 
too,  with  moderate  lights  in  order  to  prepare  himself  for  liis  examination.  In 
doing  so  be  found  no  inconvenience.  He  had  indeed  last  j^ear  obfierved,  that 
he  eould  not  reeognise  people  so  far  off  a»  bef^ore^  but  he  did  not  attribute 
this  to  nearsightedness^  because  he  could  see  the  finest  object  sharply  at  the 
distance  of  two  feet. 

My  opinion  is  i  that  the  myopia  will  increase  a  little.  To  prevent  it  in- 
creasing much,  let  him  work  by  good  light  (by  preference  by  daylight), 
holding  up  his  head,  at  the  distance  of  from  14'  to  16*,  on  an  inclined  plane^ 
intervals  of  some  minutes  every  half-hour*      I  add,  **  Be  o 
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cheer,  mf  young  friend,  yau  can  be  whAterer  you  wish^  ezoepi  &  i 

towards  your  eighteen tli  year  {with  ^f  about  :=  y^),  you  will  get  i 

to  wear  and  to  work  with,  and  you  will  put  these  off  for  work  aboui  i 
a^e  at  which  others  begin  to  wear  glasses*'* 

In  higher  degrees  young  people  must  forthwith  accustom 
selves  to  the  use  of  sp<*ctacle«, 

IX.  H.  ooroes  in  his  eighteenth  j-ear  to  the  University.   He  is  : 

and  would  now,  if  allowed,  gladly  wear  speotscles,  in  order  to  see  ' 
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at  a  distance.     On  examination,  I  &nd  M  =  =-r,  S  =  5^,  a   slender  •rei'^ 

cent  at  the  optie  nerres,  good  range  of  acoommodation,  and  also  in 

respeets,  sound  eyes.  With  —  -  he  sees  acutely  at  4',  and  reads,  under  mf 

inapectionj  for  a  quarter  of  an  hour  without  trouble.  In  ordex,  howcTer» 
with  certainty  to  avoid  asthenopia,  when  reading  for  a  longer  time,  he  geti 

for  the  present  only  —  — ,  with  which  he  is  quite  contest,  and  a  jrar 
later,  —  -  .  After  three  years  be  thought  he  did  not  see  at  a  distance  w 
acutely  with  these  glasses.     I  now  found  M  =  r^,  and  did  not  hesitate  to 

give  him  glassea  of  —  ^.^    Under  no  circumstanoes  does  he,  in  using  I 

glassef!^  experience  any  inconvenience  to  his  eyes,  and  I  venture  to  fH^ 
gnostioate  that  bis  myopia  will  not  increase  much  more. 

With    diminished  range  of    aecommodation  the  myopia  cau 
longer  be  neutralised. 

iTi.  Dr.  L.,  aged  37,  with  myopia  ^^  -g-  and  otherwise  sound  eyes, 

for  the  last  twelve  years,  now  and  then,  worn  speotaoles^  which  cor 
about  from  i  to  |  of  his  myopia^  but  he  has  always  read  and  written  1 
out  glasaca.     The  degree  of  the  myopia  has  at  this  time  somewhat,  but  oer- 
tainly  not  much  increased.     Not  long  ago  he  consulted  an  optician,  who 

gave  him ^  to   wear,   with  the  advice  to  continue  to  work  withoul 

Bpectacles.  Dr.  L.  immediately  found  that  these  glasses  were  disagreeable 
to  him  ;  walking  and  looking  at  a  distance,  he  found  all  very  well,  but  at 
the  distance  of  two  feet  ho  could  not  see  acutely  without  an  etfbrt,  which 
inconvenienced  him  at  table,  in  speaking  to  people  whom  h©  wished  to  l(x)k 
at,  and  under  many  other  circumstances.  He  anked  me  what  he  was  to  do. 
My  answer  was :  **  If  you  had  eommenoed  in  your  twenty-tifTh  year  with  neu- 
tralising fipectacles,  or  if  yon  had,  at  least,  used  your  weaker  glasses  alsott 
your  wurk,  you  would  now  find  no  trouble  with  neutralising  Bpectacles  wifl» 

■  In  i^4igland,  M  does  not  di»(|uaiity  an  officer. 
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convergence  at  two  feet,  and  even  at  one  foot,  in  aooommodatmg  for  tbat  dis- 
tance,    Tou  are  now  obliged  to  keep  to  weaker  glasses,  for  example, —  ^„ 

with  which  j-ou  still  see  perfectly  sharply  at  three  feet,  and  ulso  siiffi- 
olently  well  at  a  great  distance.  You  are  tall»  and  are  therefore  in- 
(dizied  to  sto^p  forward,  and  it  is  conseqaently  desirable  that  at  work  you 
thonld  accustom  yourself  to  apeotaoks,  which,  however,  must  certainly  for 

tie  present  not  be  stronger  than  —  ,5^  ;  by  decrees  their  strength  may  be 

somewhat    increased,  and   perhaps  you  may  succeed,  within  a  couple  of 

jean,  in  accustoming  yourself  to  —  y^,  without  their  use  being  attended 

tth  symptoms  of  asthenopia,  in  which  case  you  may,  without  any  injury, 

hsily  keep  the  same  glasses  of  —  ^,  under  all  circumstances,  for  half  a 

>  of  years,** 

When  symptoms  of  iiritatioE  occw^  myopic  eyes  have  need  of 
[rest. 

IT.  Miss  V.  D.,  aged  18,  is  much  addicted  to  reading,  and  not  less  so  to 

rorking,  and  has  in  both  respects  fully  indulg-wd   her  incliuationj  even 

when  her  eyee  were  tender  and  rather  intolerant  of  light    She  now,  parti- 

[  calarly  in  the  evening,  on  exertion,  quickly  gets  pain  in  the  eyes,  and  she 

'  has  applied  for  advice.     I  establish  the  existence  of  M  ^=  ^,  of  S  ^        of 

(illary  hyperseraia  of  the  optic  nerves,  of  a  small,  douhly-contoured,  hatf- 

ophic  crescent,  with  very  red  edges,  and,  externaOy,  of  some  injection  of 

^the  subconjunctival  vessels  ;  the  lateral  movements  of  the  eyes»  as  well  as 

the  convergence,  are  ample  and  free.     Her  mother  has  M  ^  , .     The  young 

lady  remembers  to  have  formerly  had  much  more  acule  vision  for  distant 
objects,  and  particularly  during  the  last  two  years  to  have  lost  ground  in 
this  respect. — She  must  for  the  present  neither  read  nor  work ;  she  must 
avoid  strong  light ;  she  must  get  spectacles  with  round,  blue  glasscfl^  and 
roust,  three  times  a- day,  for  five  minutes  on  each  occasion,  apply  a  douche 
upon  the  closed  eyelids ;  she  must  sit  up  straightp  take  care  to  keep  her  feet 
%y  arm,  go  to  bed  early,  and  avoid  all  stimulants.  A  month  later  the  sym- 
ptoms of  irritation  seem  to  have  yielded.  Dpon  her  own  authority  she  lays 
aside  the  spectacles  and  again  begins  to  work,  with  the  result,  that  in  a  couple 
of  days  the  pain  reappears.  After  a  fresh  period  of  rest  she  gets  leave,  on 
oonditiou  of  steadily  observing  the  other  directions,  and  of  using  glasses  of 

—   i-,  with  which  she  sees  acutely  at   18",  to  play  the  piano  for  two  hours 

dnily,  the  music  being  placed  at  precisely  18*, — but  on  the  further  coodition 
that  every  quarter  of  an  hour  she  rests  for  some  minutes.  After  the  lapse 
of  a  month,  she  may  gradually  h^gin  to  read  a  little.  Fine  work  is  per- 
manently forbidden,  and  writing  is  very  much  restricted,  the  more  so  be- 

2 


\  the  will  not  rue  spectacles,  and  tberefc 
Terg<e,  and  be  incliiijed  to  stoop  forward.  S 
hold  eTery  object  at  the  greatest  distaoo«  of  di 

qtiently  she  again  pree«DU  herself.    The  tnyi 

and  then  some  sensibility  had  stimulated  hc^r 
directions,  and    more  severe  symptoms  were 
reading,  with  the  book  in  the  hand,  and  piano 
speotacles,  are  the  only  indulgences  at  present 

a  glass  of  —  ^  is  given  her.^With  great  care^ 

dtti&lly  lessen,  hut  it  is  to  be  expected  ehat  at  E 

will  haTe  increased  to  -^  and  that  at  a  more  ad! 

of  Tision  will  have  more  than  ordinarily  dimini 
liable  alao  to  other  accidents. 

Spa^ira  of  accommodation  may  superven 

irritation. 

V.  T,  W.,  aged  17,  was  nearsighted   from 
time  been  unable  to  con  tin  ue  working,  in  coni 
pain  in  the  eyes,  which  are  also  permanently 

n,m*  somewhat  stronger  still  in  the  left  eye 

of  the  optic  disc;  at  its  outside  a  perfectl; 
defined  crescent,  0,8  mm,  broad  in  the  tram 
straightened  rt'tinal  vessels^  no  trace  of  chori< 
easy  convergence  of  the  visucd  lines  up  to  24 
larly}*  scarcely  any  subconjunctival  injectiott,  1 
eyelids  healthy,  but  a  tendency  to  tipproximato  i 
see  better,  but  also  on  account  of  some  tntolerao 

■peotaolcfl  of  —  --,  which  he  had  worn,  and  hi 

the  advice  of  others,  he  had  afterwards  laid  ti 

not  got  on  better.     The  acutenees  of  vision 

latter  ciroumstanoc  chiefly  induced  me  to  prescrl 
tion  of  blood  *  from  both  temples,  and  to  make 
houiB  afterwards  in  the  dark.     After  gradual 
degree  of  myopia  was  again,  with  the  aid  of  gla| 

aocurata  manner,  and  was  found  ^  ^-. ;  at  tha 


*  Heurteloupian  abstraction  of  blood  isaecomj 
fieial  leech  making  a  circular  wound,  and  yield 
tion  by  means  of  a  glass  cylinder  (The  instru; 
Wris.     Its  price  is  fifty  francs.) 


tision  hftd  increased  to  ;^, 
20 
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Instillation  of  sulphate  of  atropia  now  brought 

the  myopia  to  --^,     The  patient  was  still  kept  some  daya  in  a  half-darkened 

apartment ;   subsequently  the  double  abstraction  of  blood  was  again  had 

tooourse  to,  and  the  hygionio  rulea  which  have  already  been  repeatedly 

,  teentioned,  were  strictly  enjoined.     Thus  at  the  end  of  a  muoth  the  aoute- 

aoaa  of  vifliun  had  risen  to  -- .  and  the  myopia  waa  established  aa  —  .   He 

now  got  spectacles  of  —  -,  both  to  wear  and  alao  in  order  occasionally  to 

vead  and  write  for  a  qimrtcr  of  an  hour,  which  couU  thus  be  done  at  the 
diatanoe  of  about  10",  and  therefore  mu«t  be  dcme.  From  time  to  time 
flight  attacks  of  pain  still  oconrred,  which  disappeared  un  strict  rest.     The 

spectacles  were  subsequently  strengthened  to  —  —  .     These  glasses,  held 

oloBC  to  the  eye^  brought  the  farthest  point  to  14'»  which  was  qmte  siiffidenL 
— ^The  strong  convergence  and  bad  position,  not  completely  corrected  by  the 

glasaes  of  —  -  previously  used,  had,  with  original  highly  myopic  structure, 

been  followed  by  congestion  of  the  optic  nerve,  with  diminished  acuti-nesa 
of  viaion^  spasm  of  acoommodatiuu  and  other  symptoms.  Tiiey  yielded  to 
the  rather  energetic  treatment,  and  by  avoiding  strong  convergence,  &c,,  witii 
the  use  of  suitable  spectacles,  they  did  not  return  with  equal  violence.  It 
ia,  however,  to  be  anticipated  that  the  myopia  will  continue  permanently 
progressive,  and  that  at  a  more  advanced  age,  the  aculeness  of  vision  will 
BufTer.  The  eyes  must  therefore  always  be  watched,  and  a  position  in  life 
ia  to  b«  preferred  which  will  not  require  much  close  work. 

Even  in  youth  a  very  high  degree  of  myopia  may  produce  pro- 
found disturhauce. 

n.  Mils  3.,  a  little  deformed  per9onage»  aged  27,  has  prominent  eyes, 
with  considerable  enlargement  of  all  axes  (buphtholmic  form),  appa- 
rently small  oomea»  somewhat  bluish  sclerotic,  with  widely -open  eye- 
lids, with  myopia  =^    ^ ;  aodf  on  correction  of  the  myopia,  acuteness  of 

visum  at  a  distance  of  only  j--^.     Even  in  her  twelfth  year  ihe  nearsighted- 

nees  was  inconvenient,  and  it  constantly  increased  until  now  she  cannot 
attempt  writing,  aod  can  read  only  comparatively  large  print,  held  close  to 
t  ho  eye,  of  course  only  with  one  eye,  without  convergence  ;  she  com  plains 
also  of  motes  floating  before  her  eyes,  and  of  tloshes  of  light,  particularly 
in  the  dark.  Ophthalmoscopically  we  find  an  apparently  small  optic 
disc,  of  a  white  colour,  i^ith  irrogulaiiy  bound  edlialMliptic^il  atrophy, 
straightened  retinal  veesel*,  a  light-red  fundus,  here  and  there  some- 
what spotted  with  yellow  aod  grey,  with  separate  chorioideal  vessels.  The 
employment  of  HeurLeloup's  ab^ tractions  of  blood  and  strict  hygiene  of  the 
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ejee  produced  scarcely  any  tmpr cfement.  The  patient  doM  not  wUh  to  i 
spectacles,  wkicb,  in  comparison  to  the  diminution,  add  but  little  di^tinotiioi 
to  the  cbjecta ;  she  abo  fiodi  it  equally  fati^ng  when  she  endea touts  to  nmi 
large  print  with  speotadas,  and  fihe  finally  consents  to  eondne  hersell  U 
coarse  work,  which  she  can  perform  by  feeling.  Some  words  she  nadi 
without  spi'Ctaclea,  with  one  eye.     For  distant  objects  she  finds  a  stenopeie 

eyeglass  of  —  ^  the  most  satisfactory.     Id  this  unfortunate  oonditioti 

nothing  but  impairment  is  to  be  expected,  the  progress  of  which  msy,  hy 
the  known  rules  of  ocular  hygiene,  be  indeed  retarded,  but  not  preTtnted. 
If  the  symptoms  of  irritation  increase,  Eeurteloup^s  method  of  abstracttoi 
blood  may  still  occasionally  he  useful. 

The  occurrence  of  fatigue  duriDg  work  indicates  the 
insufficiency  of  the  musciili  recti  intend. 

Tti«  Miss  v.  E.,  aged  18,  has  for  some  years  been  oonstantly  obUged 
suspend  her  work,  in  consequence  of  a  feeling  of  fatigue  and  tension.    Bhu 


has  in  Tain  tried  various  spectacles, 
ordinary    orescentic  atrophy ;    the 


I  establish  M  ^  ?,  8  =  1,  with  the 

eyes  are  other wiie  sound  and  th« 
eyelids  healthy.  1  suspect  inBufficiency  of  the  recti  intemi.  While  she 
reads  at  6''  with  both  eyes^  1  bring  a  small  Bcreen  before  the  left,  aud 
observe  it  deviate  outwards  behind  the  screen.  On  removing  the  screen  the 
eye  again  converges  sufnciently.  HayiDg  made  laome  Inquiries,  I  find  thst, 
after  having  read  for  balf-an-hour»  the  left  eye  is  always  drawn  outwardv 
that  this  gives  her  an  unpleasant  sensation »  and  that  the  effort  to  overcooie 
the  deviation  fatigues  her  still  more.  Thus,  she  had  herself  already  remarked 
the  insuffioiency,  without  having  been  able  clearly  to  account  for  it,  and  with- 
out having  spoken  of  it.  On  approximating  an  object^  she  converges  up  to  4'^ 
after  which  the  Ml  eye  rapidly  and  strongly  deviates,  However,  on  lateral 
movements  the  excursionB  appear  normal  \  towards  distant  objects  the  eyfs 
are  also  properly  directed,  and  they  maintain  this  direction  when  one  eye  ia 
covered  j  a  prism,  too,  placed  before  one  of  the  eyes,  with  the  angle  upwards, 
give>8  double  images  of  a  remote  light,  without  lateral  deviation,  ona 
the  images  being  almost  directly  above  the  other  ;  while  u  prism  of  6**, 
the  angle  outwards,  gives  intersected  double  images,  which  do  not 
appear.  Thus  it  is  evident  that  our  patient  can  diverge  little  more  than 
normally,  and  yet  that  she  has  comparatively  much  too  great  difficulty  in 

1  1 

converging.     With  glasses  of  from  —  12**°  ~  6  ^^^  *^^^'  looking  at  from 

13'  to  16',  maintain  the  convergence  much  longer,  but  yet  not  auflicientij  : 
the  covered  eye   now   always   deviates  also,  still  directly  outwards*     By 

combining  —  -^  with  a  prism  of  8^  the  diiEoulties  appear  to  be  removed, 

and  the  now  covered  eye  actually  scarcely  any  longer  alters  its  directioii^ 
Besides  such  glasses,  she  receives  a  double  eye-glass  with  simple  glasses  of 


A 


una, 


ILLUSTRATIVE  CASES, 
-=.     With  this  she  is  exceedingly  pleased,  but  the  prismatic  combina- 

wcariea  ber.  She  would  williDgly  undergo  tenotomy,  which  was 
oken  of,  but  as,  undoubtedly,  even  in  looking  straight,  and  partiuularly 
I  looking  to  the  left,  double  images  at  a  distance  would  remain,  I  do  not 

bink  the  operation  indi catted.     Finally,  1  give  her  glasses  of  —  «»  with  the 

ces  closer  to  one  another  than  the  axes  of  the  two  eyes ;  and  if  she  baa 
\  work  only  one  hour,  »ho  gives  the  preference  to  these,  4ibove  the  pri&- 
natio  combinatioQ,      She  has  to  he   particularly  t-^arefui  not  to  use  these 
Spectacles  Id  looking  at  remote  objects:  on  account  of  the  position  of  the 
glasses  she  would  in  doing  so  be  compelled  to  diverge  somewhat,  which 
oould   not  aot  otherwise   than    injuriously  upon  the  power   of  the  recti 
bittitcnu. 


I 


The   insufficiency   raay   sometimes   be   completely   cxjirected   by 
tenotomy. 


1 


Yin.  Mr,  C,  a  mechamc,  with  H  =  -g-,  has,  except  the  ordinary  crcftoent, 

sound,  sharpaeeing  eyes.  Yet  his  work  fatigues  him  after  a  short  time, 
and  he  thinks  it  not  weil  to  continue  using  his  iight.  His  looking  at  a 
distance  did  not  exhibit  the  ordinary  apparent  convergence,  hut  rather  gave 
the  impression  of  divergence.  This  immediately  suggested  to  me  the  idea 
of  insufficiency  of  the  recti  interni.  On  examination,  it  appeared  that  in 
unconscioua  distant  vision  he  had  the  tendency  to  divergence,  which  was 

absent  when  he  saw  acutely  through  glasnea  of  —  -^-j    that  he,  however, 

aided  with ^  ,  for  the  sake  of  single  rision,  could  overcome  a  prism  of 

o 

12^  with  the  angle  outwards,  and  consequently  could  considerably  diverge* 

When,  in  reading  at  a  distance  of  8",  a  screen  waa  brought  before  the  one 

oye,  this  evidently  deviated  outwards,  to  turn  again  inwards  on  the  removal 

of  the  screen,  and  it  appeared  that  this  movement  was  scarcely  greater  thrtn 

that  which  was  observed  after  the  removal  of  the  prism  of  12*^,  in  looking 

at  a  distance*     Consequently  the  insufficiency  with  a  certain  convergence, 

made  itself  not  much  more  strongly  felt  than  in  distant  vision.     Tenotomy 

was  therefore  indicated.     It  was  immediately  performed,  first,  on  the  left 

eye^  the  effect  of  which  was  still  ud  satis  factory  j  then  also  on  the  right  eye, 

when  it  was  at  first  too   great,  so  that  remote  objects  appeared  single  only 

in  the  direction  to  the  right  of  the  middle  line;  hut  forthwith  convergence 

to  8'  look  place,  with  the  great^^st  ease,  and  after  some  weeks  the  double 

images  ceased  also  at  a  distance.     The  success  was  complete,     Fatigue  was 

no  longer  mentioned,  particularly  not  after  our  patient,  by  my  advice, 

wear  glasses  of  —  ^„t  and  to  use  them  at  his  work. 
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E?en  in  elderly  people  mjopk  ambljopia  maj,  in  a  great  loeasoreJ 
vield  to  stiitable  treaimeiit. 


with 


IX'  Mr.  M.,  a  banker,  aged  63,  has  spent  his  life  writing,  **  has,**  asheaffi^  i 
**  oaf«faUjr  refrained  from  the  use  of  Bpeotaeles,  and  has,  neTertheleis,  hjds- 
gmea  nearly  lost  his  sight."    For  a  Long  time  he  had  still  been  able  to  md 
with  the  kft  eje,  but  some  time  ago  this  became  worse  than  the  right    1 

estabUftb  in  the  left  eye,  M  =  ^  with  S  =  j^;  in  the  right,  M  =  ^, 

S  =  K     Th«  latter  eye  had  also  so  much  opority  of  the  lens,  that  without 

it  the  aouteiie»  of  Tision  would  still  have  been  pretty  good ;  in  the  left 
eye,  on  the  oontrarj,  rather  well-marked  difTose  atrophy,  with  an  atrophic 
belt  through  the  region  of  the  yellow  spot,  was  to  be  seen.  I  stated  mv 
regret,  that  both  defects  did  not  exist  in  the  same  eye  ;  but,  at  the  same  time^ 
my  hope  that  in  the  left  eye^  in  which  within  some  weeks  the  sight  had  so 
vary  much  diminished  (without  effusion  of  blood,  without  detachment  of  thi* 
retina^  i^nd  without  local  scotoma  of  the  yellow  spot  u  improvement  was  still 
to  be  obtained.  I  gave  a  sstimulaling  liniment,  to  be  applied  abore  the  eyes, 
pediluvia  with  mineral  acids,  rhamnus  to  keep  the  bowels  open,  ordered 
rest  of  the  eyes,  avoidance  of  strong  light,  prescribed  grey  glasses,  and  bsd 
a  llcurteloup's  leech  applied  to  the  left  temple  every  week.     At  the  end  of 

three  weeks  the  acuteness  of  virion  had  risen  again  to  -t^,    and    it    snhi 

quently  attained,  under  a  oontinuanoe  of  the  treatment,  with  abstraction 

bl«H)(!  every  fortnightp  nearly  to  „  ,  so  that  he  could  again  very  weU 

ordinary  print.  He  was  forbidden  to  write.  He  read  without  spectadea, 
witti  the  book  in  the  band,  at  the  distance  of  5',  while  the  right  eye  deviated 

outwarda.    For  distauoe  he  got  a  double  eyeglass,  with  a  glass  of  — 


ibai^ 

>n<yH 


6* 


to 


be  used  sparingly.    He  had  lived  so  far  without  using  spectacles,  and  1 
found  no  indication  to  give  them  to  him  in  his  sixty-third  year;  otherwise 


of-^; 


but  with  the 


he  could,  without  inconvenience,  have  worn  gla 

diminished  acuteness  of  vision  he  ought  not  to  read  except  without  speo- 
tacles,  and  fortunately  convergence  did  not  then  take  place. 


Scotomata  in  the  yellow  spot  make  reading  and  writing  imposdl^ 
but  do  not  threaten  blindness. 


X*  The  Consul  M,,  aged  47,  presents  in  his  whole  bearing  the  characters 
a  highly  myopic  person ;  stooping  neck,  closely- knit  eyelids,  large  eyes,  of  the 
longaxe^  of  which  we  can  easily  satisfy  ourselves.  His  myopia  has  existed  from 
youth,  and  is  of  hereditary  origin.  He  has  always  read  and  written  much, 
usually  with  comparatively  weak  spectacles.    In  the  right  eye  the  myopia 


A 
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now  amounts  to  —  ^^j  ^vith   ^  aouteaess  of  viBion ;  in  the  left  the  myopia  is 

not  les« ;  but  it  cannot  be  accurately  determined  on  account  of  a  scotoma 
ba  the  yellow  spot     In  the  space  of  two  montha  this  had  developed  itsell^  so 
liat  he  could  not  see  what  he  fixed*     He  was  in  a  sad  st^te  of  mind,  and  put 
She  question  to  me,  *^  Must  I  become  blind  ?  **    Ophthalmoscopically  I  foiind 
tu  the  left  eye  a  tolenibty  extensive  oircum&cribed  crescent^  her©  and  there 
traces  of  difliise  atrophy,  and  in  the  yellow  spot  a  pale  granular  fold,  furnished 
^th,  and  portly  bounded  by,  larger,  irregular,  sharply-defined,  dark  pig- 
ment-spot^.    In  the  right  eye,  too,  the  ere  scent  was  about  ecjual  to  that  in  the 
left ;  and  in  the  ycEow  apot  the  pigment  was  slightly  granular,  and  was  irre- 
^larly  distributed  upon  a  paler  ground.   I  could  now  answer  him  :  '*  I)o  not 
fear  blindness,  but  abataiu  from  all  exertion  of  the  eyes.  Confine  your  reading 
mud  writing  to  what  is  absolutely  necessary,  and  let  them  be  continued  only 
for  a  few  minutes  occasionally,    I  cannot  conceal  from  you  that  the  left 
tye  is  for  ever  useless  for  fine  work,  the  right  eye  would  become  so  by  ex- 
ertion."   I  am  accustomed  unreservedly  to  state  the  danger  of  the  patient's 
tiate,  only  when  he  has  to  act  accordingly.     This  was  the  case   in  this 
instance.      But  nevertheless,    I  did  not   attain  my   object,   '*  bis  oircum- 
ftonces  did  not  permit  it."     There  was  no  reason  to  add  that,  in  my  opin- 
ion»  even  if  he  left  off  all  work,  the  further  development  of  the  B<M>toma 
in  the  right  eye  could  not  be  permanently  arrefit«d.     Dissatisfied  with  my 
opinion,  the  patient  repaired  to  a  foreign  oculist,  who  promised  him,  and 
iftlso  made  him  believe,  that  he  would  cure  even  the  left  eye,  A  full  year  the 
bttdent  ipent  with  him,  always  in  hope  and  confidence.      But  when  the 
lieoond  eye    commenced  to  refuse  its   service  for   reading,  his  confidence 
[began  to  waver.     Two  years  later  he  paid  me  a  second  visit.     On  the  right 
|eye,  also,  a  scotoma  was   now  so   far  developed,   that  he  could   scaroely 
[decipher  a  single  word.      lie  appeared  dissatisfied   with  himself  for  not 
leaving  followed  my  advice^     I  gave  him  the  ordinary  hygienic  directions, 
And  I  waa  ahle  to  comfort  him  with  the  hope  that  his  condition  would  not 
iliecome  much  worse.     It  is,  in  fact  my  opinion,  that  he  will  I^e^manently 
eontinue  in  a  state  to  move  about  freely  and  to  diBtinguiEh  large  objects. 

iHe  receives  speetaolea  of  —  ^* 


In  looseuiag  of  the  retina  the  prospect  is  very  gloomy. 

XI.  Mr.  S.,  aged  43,  was^  as  well  as  his  father,  extremely  nearsighted 
\itom.  youth.  In  his  thirty-second  year  he  lotJt  in  a  great  measure  the  power 
[of  viaion  in  his  right  eye^  in  which  cataract  became  developed.  Extraction 
ma,E  followed  by  atrophy  of  the  eye.  Sight  now  suddenly  became  obscure  in 
[the  left  eye  also*  The  fyllowiug  day  he  called  upon  me.  I  ascertained  tho 
laxiatenoe  of  detachment  of  the  inner  part  of  the  retina,  extending  into  the 
[neighbourhood  of  the  yellow  .spot.  Large  letters  he  could  still  read,  but  at 
aa  moment  much  better  than  at  another.  I  perceived  that  loosening  of  the 
etina  must,  at  an  earlier  period,  have  existed  in  the  right  eye  also,  followed  by 
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atooBd«tj  0fctartflt»  ttpon  willed,  mialed  bj  the  twiiAiiiing  [wraepluQ  td  H^ 
hb  medicsl  adTiters  hod  operated^ — with  what  result,  hss  &li«ady  boeii« 
Blood  wi«  imiiieduitely  ftbitrtotod  by  Heurteloup^B  meibod,  rest  in  the  hori- 
lontil  podtion  was  enjoined,  «xid  dtriv-ation  by  the  intestinal  canal  and  lower 
extremities  was  prescribed.    The  abetraction   of  blood  was   again  twkc 
rvpi^atcd,  and  by  the««  means  the  pstient  was  able,  after  the  lapse  of  a  wcek« 
to  read  satisfaetorily ;  the  Unutation,  bo  we  re  r,  still  continued.     By  degrees 
he  resumed  his  plaxM^  in  society  ;  blood  is  still  from  time  to  time  abstrat^ ; 
he  leads  a  very  regular  life,  avoids  fatigue^  orer  exertion,  riding  in  jolting 
carriages,  and  travels,  if  neoeasary,  in  the  eanal-boat ;  but  he  oontinnei  to 
read  his  price-current  and  other  more  neoessary  matters,  and  prefers  not  togs 
out  with  grey  glasses,  *'  because  with  them  he  cannot  see  by  the  way."   Thtxe 
really  exists  some  torpor  and  more  limitation  in  weak  light     At  the  end  of 
six  months  the  detachment  has,  by  gra^tation,  removed  farther  downward! ; 
and  at  the  same  time  the  limitation  has  altered  its  place ;  it  still,  howeter, 
at  the  inside  directly  adjoins  the  fovea  centralis, — ^After  the  lapse  of  a  y<«r 
reading  is  more  difficult,  and  is  but  little  improved  by  the  employment  of 
artificial  abstraction  of  blood.    Now,  nearly  two  years  after  the  oocurrenoe 
of  detachment  of  the  retina,  distinct  traces  of  cataract  exist ;  motes  in  the 
vitreous  humour  had  already  been  seen  at  an  earlier  period,  without  lao^r** 
tion  of  the  retiaa  having  been  perceptible.     The  progress  of  the  cataract  ii 
oertainly  not  to  be  prevented.     When  it  is  fully  developed  our  duty  will  be 
to  try  extraction  (by  preference  with  Waldau*s  spoon),  at  least  if  it  does 
not  appear  that  the  detachment  has  extended  much  farther.   We  must,  hoir- 
ever,  at  the  same  time,  give  an  unfavourable  prognosia.     We  can  eearoely 
hope  that  absolute  bUndne^  can  be  permanently  averted. 


A  defined  detachaicnt  of  the  retina  may  for  a  long  time  remaiD 
stationary. 


XII,  Mr.  T,  d.  W.,  aged  23,  has  M  =  ^  in  both  eyes,  with  small,  sharply* 

defined,  completely  atrophic  crescent.  For  years  work  has  been  difficult 
to  him»  and  he  did  not  like  his  spectacles.  Some  months  a<;o  his  right  eys 
became  much  worse,  find  he  can  scarcely  resd  with  it.  I  here  find  a  red  optio 
disc  and  a  small,  roundish,  circumscribed,  plaited  and  movable  prrgection 
of  the  retina  of  a  bluish  colour,  with  a  corresponding  limitation.  By  arti- 
jidal  leeching  to  the  temple,  and  strict  ocular  byijitne,  the  acuteuess  of 

vision  increases  within  a  month  from  .  to  -.     In  Oie  other  eye  it  amounti 

2 
to  rather  more  than  -,     I  earnestly  represent  to  him  that  it  is  only  by  a 

regular  life  and  a  sparing  use  of  his  eyes,  that  be  can  retain  his  sight.  I 
permit  him  at  most  to  read  four  times  a-day  for  half-an-hour  each  time, 

which  he  doe?,  binocularly,  with  glasses  of  —  y-.    The  same  glassen  he  may 

wear  permanently,  superadding  fur  a  moment  for  distant  vision  a  double  eye- 
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S8  with  glasses  of  —  tt..     At  the  end  of  two  years  he  returns :  hia  coudi* 

da  ia  not  altered.  Shortly  afterwards  the  queBtiou  is  put  to  n^e  bj  parenta 
fbose  daughter  he  had  aaked  in  roarriagf ,  whether  there  is  danger  of  blind- 
nesa.  My  answer,  which  I  stattd  that  I  would  give  only  with  tho  patient  h 
oonsent,  amounted  to  this :  **  Mr.  v.  d.  W.  is  rather  highlj'  myopic.  In  eoa- 
nectiun  with  tbia  nearsightedness  a  defect  has  ansen  in  the  right  eye^  which, 
if  further  developed,  might  destroy  the  power  of  vision.  It  has,  however, 
been  atatiouary  for  two  years,  and  we  may  hope  that  it  will  vary  long,  per* 
haps  to  old  age,  remain  statiouarj'.  The  left  eye  presents  no  defect  except 
the  nearsigbtednesa ;  but  experieDCe  shows  that  with  detach  niiint  of  the 
retina  in  one  eje^  the  other,  when  it  is  equally  neardghted,  is  not  unfre- 
quently  attacked  by  the  aame  defect.  Considering  the  existing  degree  of 
the  nearsij^htednesB,  and  its  stutionary  obojraoter,  it  ia,  however,  not  probable 
that,  if  the  directions  given  be  faithfully  followed,  the  left  eye  wiJl  in  this 
o&se  become  affected." — Six  montha  later  ilr.  v.  d.  W.  presented  to  me  hit  i 
young  wife.  I  once  more  impressed  upon  him  Low  necessary  it  was  that  he 
should  in  every  rrspeci  take  care  of  himself.  Rather  more  than  seven  years 
have  elapsed  since  that  time,  and  his  state  is  in  gener&I  stationary ;  the 
myopia,  too,  having  but  very  slightly  increased. 


He  whoj  with  moderate  myopia,  treats  his  eyes  fairly^  has  riothing 
to  fear  at  a  more  advanced  time  of  life. 


XI ri,  Mr.  M.|  aged  52,  who  reads  and  writes  mnch,  has  for  many  years 

used  in  doing  so  spectacles  of  —  ^,    with   which   big  myopia  is  exactly 

neutralised.  For  distant  objects  his  acuteness  of  vision  is  at  the  same  time 
^1.  Hitherto  he  has  also  seen  every  near  object  he  reiiuired  with  his 
spectacles ;  it  was  only  when  he  wanted  to  distinguish  anything  when  it  , 
was  half-dark,  or  for  whi<ih  others  would  need  a  mjignifying  glass,  that  he 
put  off  his  spectacles  for  a  few  minutes.  Latterly,  he  observes  that  he  in- 
voluntarily raises  his  glasses  to  look  sharply  at  smaller  ohjtcU  when  near. 
**  Do  you  still  work  in  the  evening  without  trouble  with  your  spectacles?** 
As  I  expected,  bis  answer  was,  "  Only  in  good  light,  and  when  the  print  is 
not  too  smaO,"  '*  Then  the  time  is  approaching,"  1  replied,  **  for  diminishing 
the  concavity  of  your  glasses  in  proportion  to  the  degree  of  the  convex 
glasses  which,  at  your  age,  you  would  require,   if  you  were  not  myopic. 

Take,  therefore,  in  the  evening  —  y^,  and  soon  glasses  somewhat  weaker, 

and  yuu  will  be  content  perhaps  also  to  wear  the  same  glasses  habitually, 

though  you  will  not  see  distant  objecta  c^uite  so  acutely  as  with  —  a.   When 

you  are  an  old  man,  you  will  use  two  spectacles,  —  -^j  to  work  with,  and  ^  ^^ 

to  wear  habitiittlly,  and,  finally »  you  will  read  without  spectaeles,  and  you  will 
obably,  when  the  aoutenesa  of  vision  dimmishes,  come  even  to  convex 
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gliiMW :  your  mjopiA  wOl,  in  fact,  dimiaiali  Bomewhat,  perluit»  to  — 
may  70U1  a*  a  very  old,  but  strong  and  healUiy  man,  fe^l  rouiwlf  1 
quite  satisfied  in  wearing  spectacles  with  glaiaeaof  —        or - . 


NOTE  TO  CHAPTEU  TIL 


W^  are  iudeVted  to  Kepler  for  the  earliest  knowledge  of  the  nature 
myopia.     He  laid  the  found ationa  of  dioptrioa  in  general^  and  in  partiouiir 
of  physiological  dioptrics.     The  infiuenoe  which  spc'ctaele-glaases  hare  cxci^ 
cised  in  this  dtrection  is  extremely  remarkable.     We  have  aLr^^idy  sllaM 
to  the^e  glasses  as  among  the  most  indispensable  inatnuoeQta  for  man  < 
170).     Their  great  importance  in  the  history  of  science  was  demonstrated 
the  observation  that  they  had  led  to  the  invention  both  of  the  mici 
and  of  the  telescope.    Alter  perusing  the  works  of  Kepler,  I  go  still  ftutbiiS 
and  think  I  may  maintain  that  the  development  of  physiological  dioptrics 
has  proceeded  from  spectacle-glasses.    Alhazen  showed  about  1100 
(heaatirttn :  BosiletB,   1512)^  that  the  eye  is  not   the  source    of  light, 
that  the  light  proceeds  from  visible  objects  and  enters   the   eye.    Wil 
respect  to  the  formation  of  piotures  in  the  eye,  he  conceived   wholly 
correct  ideas.     It  is  etill  stranger  that  we  must  say  the  same  of  J< 
Buptista  Porta,  who»  althoii|^h  he  oompartd  the  eye  with  the  oametitt 
invented  by  him,  was  of  opinion  that  the  pictures  were  formed  on  the  iJJ* 
terior  surface  of  the  lens  (see  his  J/^ym  Xaturali^^  1558  {?),  aud  his  wurl, 
de  JlefraviionCf  opticcs  parte,  libri  novem,  Keap.  1393).    His  eon  tern  porarv, 
Mauroljcus  {Photismi  de  lumtne  tt  umhrd^  Yen.  1575)  arrived  at  more  cor- 
ri^et  conclusions.     This  writer  comprehends  that  Uie  crystalline  lens  is  to 
be  compared  with  an  ordinary  convex  lena,  looks  upon  it  as  more  convex 
in  myopes,  tlatter  in  preshyopes,  gjc plains  the  action  of  convex  and  ooncaTc 
glasses,  but  nevertheless   gives,   in   oider  to   avoid  the  inversion   of  the 
images  upon  the  retina,  a  totally  ciin fused  idea  of  the  action  of  the  lens, 
and  makes  the  images  fall  on  the  plane  of  the  optic  nerve,  without  meib 
tioning  the  retina. 

It  was  in  1601,  Kepler  hirnseU  informs  us,  that  D.  Ludovicus  L,  B.  s 
Dietrich  stein  J  put  the  question  to  him,  why  farsighted  people  distinguished 
near  objects  better  through  convex  glasses,  while  nearsighted  people 
distant  objects  more  distinctly  with  the  aid  of  concave  glasses  K^pl< 
was  not  acquainted  with  the  work  of  Matirot3'ou8,  The  only  ans' 
which  he  was  at  first  able  to  give  was,  that  convex  glasses  mogmfied  n< 
objects.  But  von  Dietriohatein,  not  content  with  that,  rejoined,  thit 
the  c|ue8tion  did  not  relate  to  magoitiide,  hut  to  distinctness  :  for  tlist 
00 Q cave  glai^ses,  which  make  objects  smaller  for  all  eyes,  could  otherwise 
assist  no  one.  When,  after  three  years'  study,  Kepler  is  at  length  in  a  posi- 
tion to  give  an  answer:  **  responaum/'  he  says,  *'8i  non  aatia  olariija  et 
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indoMutn^  satis  certe  tardum/'  hia  thankful  tone  testifieB  of  the  stimulus 
which  he  had  received  from  the  question  of  the  man  whom  he  calls, 
"  Mfcoenatiim  raeorum  pnt'cipuus."  That  answer  we  lind  in  hia  Parahpo- 
mena  ml  Vitt'ilHtnt'm  qmbti9  Antronomife  pars  optica  tradilttr,  etc.,  Franco- 
furtit  1604,  p.  201*  But  w©  find  more  here.  It  is  evident,  and  Kepler 
himself  sajrs  it^  that  he  could  not  at  first  answer  the  question  proposed  to 
him,  because  ho  had  no  correct  idea  respecting  vision.  Hertv  now  for  the 
first  time,  we  find  the  formation  of  inverted  images  upon  the  retina  (some 
years  later  demonstrnted  in  the  curious  experiments  of  Soheiner),  contended 
for  upon  good  j^rounds,  and  explained  hy  the  meeting?  of  the  rays,  pr<HJeed- 
ing  from  each  point  of  the  ohjeot,  again ^  in  one  point,  u(K>n  the  retina*  in 
consequence  of  refraction  by  the  cornea,  and  especially  by  the  crystalline 
lens,  Kepler  knew  also,  that  in  order  to  form  a  sharply -de  tined  image  upon 
the  retina,  the  object  must  be  at  a  given  distance  (Propositio  XXVlIl)j  and 
with  this  is  connected  the  answer  respecting  the  action  of  spectacles,  namely  ; 
that, — ^whHe  in  nearsighted  persons  the  conea  of  rays,  derived  from  each  point 
of  near  objects,  unite  upon  the  retina,  in  farsighted  persons,  on  the  contrary, 
thoie  deriTcd  from  re  mote  objects,^- the  rays  of  each  cone,  refracted  by  concave  < 
glssaes,  acquire  a  direction  as  if  they  had  proceeded  from  a  near  point,  and 
inTenely,  as  if  from  a  more  remote  point,  after  refraction  by  con  rex  glaaaea. 
The  explanation,  as  we  see,  leaves  nothing  to  be  desired. — The  Astnmoimm 
para  optica  is  called  hy  Muntucla  **  tin  ouvrage  plein  d'id6es  neuves  et  dtgne 
d*UQ  homme  de  genie,  mais  dans  lequel  il  ne  faut  pas  cheroher  oette  pri'cision 
qni  cajaoteiiae  ceux  de  notre  si^cle/'  This  \u.^l  cannot  be  said  of  Kepler's 
Dioptriee  seu  Dcmonslratio  eorum  qtup  tHsui  t^t  vimbitibm  proper  ConspiciUa 
non  tta  pride m  inrtnia  acciclttnt.  Angnatte  Vindelicurum,  1611, — a  work,  as 
it  teems,  less  known,— I  found  it  quoted  neither  by  Montucla  nor  by  Priestley 
(The  History  and  Present  Stale  of  lUscoveries  relating  to  Vision,  Light,  and 
Colours,  London,  1772), — but  in  which  dioptrics,  and  especially  physiological 
dioptrioa,  are  treated  of  with  conciseneaa  and  clearneas.  For  the  first  time  we 
here  find  the  necessity  of  change  of  form  In  accommodation  demonstrated* 
*♦  It  is  not  posaible,'' thus  runs  Propositio  LXII J,  *' that  the  retina  main- 
taining the  same  jwsition  in  the  eye  should  receive  a  defined  image  both 
from  near  and  from  remote  objects,"  and  after  this  statement  we  read  as 
Propositio  LXIV:  "Some  see  remote  objects  distinctly,  near  objects  con- 
fusedly ( pre sby opes) ;  others  see  near  objects  distinctly,  remote  objecta 
confusedly  (myopes) ;  others  see  near  and  remote  objects  confusedly  (morbid 
conditions);  some,  finally,  see  both  distinctly/'  Of  these  last  he  says: 
'*  Ocnlura  et  sanum  habent  et^Fir<i  mMlem^'*  that  is,  they  accommodate  for 
diiFerent  distances  by  altering  the  form  of  the  eye.  *'  Qui  vero  alterutra,** 
thus  he  continues,  **  solum  distinct©  vident,  oculum  habeut  sanum  quidem, 
aed  jam  indurcscentem,  adsuefactum  et  quasi  senilom."  This  he  applies  both 
to  myopes  and  presbyopes.  He  places  both  in  one  line.  He  has  thus, 
although  himself  myopic,  overlooked  the  accommodation  of  myopes,  Kepler 
developes  his  idea  respecting  the  mode  of  origin  still  more  fully  in  the  fol- 
lowing manner :  He  who  in  youth  practises  himself  for  distance  and  for  near 
objects,  in  old  age,  becomes  presbyopic,  because  practice  diminishes  with 
advancing  years,  nnd  the  pomllel  condition  of  the  visual  ajces  is  the  most 
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iuitural»  "bol  bd  who  is  from  childhood  ocoapied  with  study  or  fine  i 
•pMdily  beoonts  aooostomed  to  the  vi&ion  of  neAr  objects  «iid  wiiii  i 
ijdTfUioe  of  jenn  ihifi  iaore&ae»,  bo  that  remote  objects  ore  soor^  and  mm^ 
iiuperfecily  iecn/'  Thus  in  Kepler's  view  uearsig^htednt^ss  oonikts  ia  Ik 
coodititm  of  acoommodation  for  near  objeetii  having  become  latltenlii 
throagh  partial  or  ooe-«ided  practico  (o€ulu8  indiLre&ceoSt  adaadifltyi  tf 
quasi  senilis).  And  what  does  be  suppose  this  oonditiozi  to  be  ?  HeexpUn 
the  aeoommodaUon  by  the  retina  ohanging  its  place  aod  approaehinf  t»  m 
removinf^  from  the  orystailine  lens,  and  he  must  therefore  hare  iH^poad 
that  in  myopes  the  retina  was  at  a  greater  distanoe  from  the  lens. 

Thos  we  see  that  Kepler  looked  upon  myopia  and  presbyopic  aamoill 
oondttiond,  and  this  was  in  his  positioa  perfectly  logicai,  for  ho  admittiiat 
aocommodatton  in  either  state. 

This  vision  of  myopes  was  still  farther  inyestigated  and  explaiiiid  hf 
Suhemer  (1625,  see  his  work  entitled  Octdm)^  and  subsequently^  espeaiaUr 
b}'  Deehales  (compare  p.  389  of  this  book).  But  still  Kepler's  ernir  alvifi 
remained,  or,  if  we  ohoosef  the  hiatus  left  by  him  continued  :  nbani  wi i  tii 
not  a.ware  of  the  accommodation  of  myopes*  It  is  almoat  incompeebeoiibli 
that,  with  the  distribution  of  neutralising  spectaoles,  for  which  rather  oonvd 
directions  were  given,  oculists  should  have  overlooked  the  aocommodatioa  ii 
young  people  ;  but  yet  1  have  not  been  able  to  satisfy  myself  that  any  wfiljer 
of  the  seventeenth  century  directly  mentions  it  It  is  by  Robert  Smith  (tm 
the  Author' 9  lieitmrks^  p.  2,  at  the  end  of  his  Chmplet^  System  of  Opttn, 
Cambridge,  1738,  vol.  ii.)  that  we  first  find  it  clearly  expressed.  He  not  only 
remarks  that  a  myope  sees  distant  and  near  objects  acutely  through  the  aiiu 
glaaaei,  but  he  also  shows  that  no  more  accommodation  is  required  for  tltst 
purpose  than  for  the  short  range  which  the  myopic  eye  possesses  with&ol 
spectacles.— With  the  demonstiation  of  the  accommodation  of  myopes,  tk 
opposition  of  myopia  and  presbyopia  should  at  once  have  disappeared  (eoft- 
pare  p.  80). 

The  most  im|)ortant  point  which  remained  to  be  investigated  was  the 
organic  basis,  the  eficieni  catue  of  myopia,  With  respect  to  this  we  find 
among  the  earlier  writers  no  definite  idea.  Evidently  they  did  not  attaoh  doe 
importance  to  it.  Therefore  they  neglected  to  investigate  the  point,  and  c<»- 
tented  iheraselvea  with  enumerating  all  the  deviations^  which  if  thev  existc^i 
would  give  rise  to  myopia,  but  the  exiateBce  of  which  was  not  proven'  AmoQf 
the  abnormities  more  prooiinently  mentioned,  we  fi^nd  a  thicker  lens,  a  iBOic 
convi^x  cornea,  and  a  longer  visual  axis ;  altered  coefficient  of  refraction  sad 
unusual  position  of  the  lens  nre  qIbo  spoken  of,  and  when  not  merely  the  phy- 
bicistSf  hut  also  the  oculists  began  to  take  part  in  the  discussion^  tbii^ceiitof 
of  the  posterior  surface  of  the  cornea,  increased  oo  fficient  of  reiractionof  the 
\itreous  humour  (whioh  ought  to  produce  precisely  the  oouirary),  a  wide 
pupil,  and  even  a  turgor  vitalis  were  added  to  the  list.  Of  all  these  arbi- 
trary  opinions  histor)'  baa  no  further  notice  to  take.  Only  so  far  as  they 
were  based  partly  upon  observation,  do  they  deserve  to  be  remembered^  and 
this  was  not  altogether  wanting.  Thus  Boerhaave  (1708),  in  his  lectures  i/r 
Morbid  OcHlorum^  pr€^UctioHt»  puhUctr^  editio  alteia,  p.  211,  Ootting€e,  IToO^j 
[mblished  by  Holler  from  manuscripts  of  different  hearers,  said  :   ♦*  ~ 
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sunt  in  oculo,  neo  unquam  explioanda  qute  hos  effectua  (myopittm)  feu^ere 
possuiit,  duas  vero  saltern  Beepisaime  ohserratas  oaiisas  hio  proponemua,"  and, 
Ub  vaahf  he  names:  !*•»  Ktmia  ocuH  lomfUudo  ;  2*.  Cornetje  conrexitas  ttitnia, 
Tbesp  two  weiv  indeed  nrnre  than  a  mere  optical  fiction.  Deceived  by  the 
^eater  depth  of  the  chamber  of  the  eye,  obhtrvera  thauglit  that,  viuwtd  in 
profile,  they  saw  a  more  convex  cornea  in  myopes.  And  certainly  it  was 
also  a  matter  of  observation  that  in  highly  myopic  individiials  the  eye- 
balla  are  often  larf^e  and  prominent.  We  iind  this  fact  already  mentioned  by 
mueh  earlier  writers  than  Boerhaave-  By  othera,  following  him,  mention  is 
made  eveo  of  the  eflipsoidal  tij;  ure(  ;%rfir£'  *Vjfri/€^'')of  the  myopic  eye  ( Gtmdron, 
Traiie  den  Jlaladu's  den  Veux.  Paris,  1770,  tome  ii-,  p.  359).  Bat  still  this 
cause  was  in  general  not  aufficiently  put  forward,  and  until  a  few  years 
■go  no  decided  opinion  whatever  waa  adopted.  Von  Graefe  even  acknow* 
ledges  that  previously  to  his  examination  of  eyes  with  staphyloma  posticum 
(Archw  /  Opht?iaL,''lMi,  B.  L,  H.  I.,  p.  399),  he  thought  that  the  cause 
of  myopia  was  to  be  sought  in  tlie  vitreous  humour.  We  nolioe  also  that 
Mackenzie,  in  1830  (A  Practical  Treati&e  on  the  IXscagcs  of  the  Eye^  1st 
Edition,  p.  718),  informs  us,  that  *'  preternatural  elongation  of  the  eyeball" 
belongs  to  the  **  efficient  causes  of  myopia/*  *^*  and  has  even  been  regarded  by 
some  as  the  only  admUwibk  came^"  but  I  know  not  who  are  meant  by  tbew 
some. 

Now  we  are  aware  that  it  waa  an  advance  when,  putting  aside  other  causes, 
writers  adhered  to  the  increased  length  of  the  visual  axis.  Such  on  elonga^ 
lion  was  anatomically  first  found  (comparo  p-  371)  by  Scarpa  (1801),  in 
two  female  eyes,  and  waa  described  by  him  under  the  name  of  s£a- 
phylomn,  because  it  appeared  to  be  a  morbid  distentwH,  This  was  pet- 
haps  the  reason  why  it  did  not  occur  to  Scarpa  to  bring  the  deviation 
ho  had  established  into  connexion  with  myopia,  for  observers  were 
at  that  time  far  from  suspecting  that  an  atrophic  condition  wan  con- 
nected with  myopia.  Subsequently,  von  Ammon  remarks  {ZmtHchrift 
fur  Ophthalmologic^  1832),  that  the  staphyloma  poslicum  of  Scarpa  is 
not  of  such  rare  occurrence  as  bad  been  supposed,  and  that  the  dis- 
tention ia  usually  greatest  at  the  posterior  pole, — always  without  seek- 
ing a  connexion  with  myopia.  The  iirst  who  states  that  he  had  found 
in  the  dead  body  the  eye  of  a  nearsighted  person  peor-shaped^  is  Ititterich 
(1839)  ;  hut  it  was  in  the  dissections  of  Arlt  (1856),  who,  in  various  eyts 
of  myo[>es,  found  an  evident  elongation  of  the  visual  axis,  formed  at  the 
expense  of  the  posterior  wall,  that  the  great  importance  of  this  distention 
with  respect  to  myopia  was  studied  and  generally  recognised.  To  this  it 
certainly  contributed  much,  that  after  the  invention  of  the  ophthalmoscope, 
the  peculiar  changes  in  the  fundus  oculi  of  myopes  were  discovered  in  diiTerent 
quarters  (von  Graefe,  Iqc.  cit. :  Jaeger,  Sitzunffuhenchte  der  Akmh'mic, 
27th  April*  1854),  which  changes  were  unmistakably  connected  with  the 
p<>5terior  diatention  of  the  bulb.  Von  Graefe,  too,  had  even  already 
examined  two  eyes  {Archiv  Jiir  Ophihalmohtjit^  1854,  B.  L,  p.  394),  in 
which  the  peculiar  atrophy  (**  sclerotieo-chorioiditis  posterior*')  was  recognis- 
able with  the  ophthalmoscope,  and  where  the  length  of  the  visual  axis  was 
found  to  b^  29  and  30*5  mm.^Then  the  question  arose,  whether  myopia 


4S 


MYOPIA. 


must  in  e^erf  eue  be  ftitnbut^d  to  elongAtion  of  the  tmusI  mxis.   Iftf 
highest  degrees  of  tlie  affectian  nd  doubt  eould  exist  upon  tbis  pot&t  T^ 

Gratffe  forthwith  stated,  that,  of  those  who  need  giftasea  of  ^m  ^  i^-"i 

to  neutralise  their  myopia,  at  all  eventa  90*/^,  exliibit  the  peculiar  i 
the  ftindui  oculi.  Others  oonfirmed  thia  frequent  oecorrenoe,  or  i 
independently  of  von  Oraefe.  I  very  aoon  even  l^iou^ht  that  the  { 
in  inuoh  nearer  to  KK*"/^,  It  appeared  to  me,  in  fact,  that,  raw  oua^ 
morhui  distention  of  the  cornea  excepted,  the  atrophic  crescent  i»  ] 
absent  in  higher  degrees  of  myopia,  and  that  when  in  moderate  i 
the  atrophy  may  in  youth  still  be  wanting,  it  is  developed*  erea 
out  increase  of  the  myopia,  at  a  more  advanced  time  of  life^ 
Uada  to  the  inference,  that  in  theee  casea  also  the  longer  visnil  i 
waa  originally  present.  In  this  way  it  became  very  improbable 
cornea  or  lens  bad  any  part  in  myopia*  That  the  oornea  has  not, 
now  proved  by  numerous  measurements  (compare  p.  89).  That  the  1 
should  have  it|  or  that  a  particular  form  of  acquired  myopia  (pleaMt) 
should  be  dependent  thereon  (Stellwag  von  Carion,  von  Jaeger),  appeantt 
be  still  very  problematioal  (p.  352),  Thus  much  is  certain,  that  the  tvpifli^ 
myopia  depends  upon  elongation  of  the  visual  axis. — As  to  the  mode  d 
origin,  von  Graefe  considered  it  at  first  to  be  the  result  of  diitentioo  by 
ioBammation,  Stellwag  von  Carion  {Die  Aceommod<ifitjnsJehltr  des  Av^ 
Wien,  1855,  in  the  Sifzunffsherichte  der  kai«.  Akademie,  B,  x  vi,),  showed  thtH 
it  may  depend  upon  a  congenital  defect  in  form.  The  seoondaij  morliid 
changes  were  seen  and  recognised  simultaneously  by  many. — The  uMitiai 
of  the  centre  of  motion  in  myopic  eyes  1  determined  with  Dr.  Dojjlf 
(Conf.  H  55  and  31). — I  had  previously  seen,  and  brought  into  ooOfiexitfB 
with  the  position  of  the  eyes  (p.  182)»  the  change  in  the  directtoo  of  tk 
visual  line  by  displacement  of  the  yellow  spot  (p,  381)* — ITie  movemenlsaf 
the  myopic  eye,  and  the  connexion  of  myopia  and  asthenopia  mnsculaitt 
were  investigated  by  von  Graefe  {Archii\  1S62) ;  to  the  connexion  of  stii- 
biamus  divergens  I  also  gave  some  contributions  (5  31),  Lastlj,  the  inT»- 
tigation  of  the  relative  range  of  accommodation  in  myopee  wma  oommmeid 
under  my  direction  by  Mac-Gillavry  ( O^er  de  hoegrtKttheid  raw  het  acc^nnmi*- 
datie-vermoffcHj  Utrecht,  1858),  waa  continued  by  me  and  applied  to  Uw 
indication  for  spectacles. — Of  the  anatomical  examination  of  myopic  eve^ 
to  which  Arlt  and  Ed,  Ton  Jaeger  have  made  important  contributions^  we 
still  have  ?reat  need. 
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ASTIGMATISM,— As. 

§  33*  Definition  of  AsnaMATisM.  —  Regui^ii  and  Trregflaa 

Astigmatism. 

Ametropli,  comprising  the  lesions  of  refraction,  is  resolved,  according 
to  §  6j  into  two  opposite  conditions :  myopia  and  bjpermetropia. 
Every  lesion  of  refraction  belongs  to  one  of  these  two.  Sometimes, 
however,  it  happens  that  in  the  several  meridians  of  the  same  eye 
the  refraction  is  very  different.  In  one  meridian  the  same  eye 
may  be  emmetropic,  in  the  other  ametropic;  in  the  ^several  meridians 
a  difference  in  the  degree  and  even  in  the  form  of  ametropia  may 
occur. 

Tlie  asjmmetrvj  on  which  this  difference  depends,  is  proper  to  all 
eyes.  Usually  it  exists  in  so  shght  a  degrecj  that  the  acuteness  of 
vision  is  not  essentially  impaired  by  it  But  exceptionally  it  be- 
comes considerable,  and  occn.sions  an  aberration  of  the  rays  of  light, 
which  interferes  with  the  sharpness  of  sight. 

Tliis  aberration,  dependent  on  an  asymmetry  of  the  eye,  may  be 
designated  as  a^tigmathm.  To  make  it  clear,  we  mnst  glance  at  the 
aberrations  of  light  in  general. 

Rays  of  Hght  which,  suiB&cicntly  prolonged,  all  meet  at  one  side 
in  the  same  point,  form  immmentrk^  light :  they  have  a  common 
centre.  The  diverging  light,  emitted  from  a  point  of  any  object,  is 
therefore  homocentric ;  a  bundle  of  parallel  rays,  derived  from  a  point 
situated  at  an  infinite  distance,  is  also  homocentric.  Consequently 
the  rays  of  light,  proceeding  from  any  object,  and  received  by 
the  cornea,  form  cones  of  homocentric  light.  Only  when  the  rays 
between  the  object  and  the  eye  are  by  some  cause  or  other  more  or 
less  diverted  from  their  course,  do  tlie  cones  of  light  cease  to  consist 
of  homocentric  hght. 

In  general,  we  may  say  that  homocentric  light,  refracted  by  a 
spherical    surface,   continues   homocentric :  that,    namely,  the  rays 
behind  the  refracting  surface  either  unite  again  into  one  point,  or 
•  Listing,  Beiirflg  zur  ph^kiohguchen  Opiik,    GcHtingen,  1845. 
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proceed  in  a  direction  as  if  they  all  were  derived  directly  6oa  i 
point  situated  before  the  refracting  surface. 

The  homocentricity  has,  however,  not  continued  perfect,  Ik 
rays,  in  fact,  are  no  longer  directed  precisely  to  one  point,  bat  m 
only  nearly  so.  To  this  deviation  from  homocentricity  the  name  rf 
"aberration''  is  given;  and  we  distinguish  two  aberrations  rf 
diffiTcnt  origins :  the  chromatic  and  the  spherical.  The  first  t 
I)ends  on  the  nature  of  the  Ught,  the  second  on  the  form  of  fl* 
refracting  surface. 

Chromatic  aberration  is  the  result  of  a  difference  in  refirangihiBj 
of  the  rays  of  light.  Rays  which  were  originally  parallel  to  i 
axis  of  the  light-refracting  surface,  and  at  the  same  time  at  a 
ecjual  distance  from  that  axis,  undergo  no  aberration  in  coD3^ 
quence  of  sphericity,  and  should  therefore  remain  directed  exadhtt 
one  point,  if  they  were  all  of  like  nature.  Rays  of  unlike  natme, « 
the  contrary,  find  their  focus  in  the  axis,  at  different  distances  fiw 
the  refracting  surface,  the  violet  and  blue  rays  at  a  shortcTj  the  id 
at  a  longer,  distance. — ITie  dioptric  system  of  the  eye  also  necesssSr 
presents  this  chromatic  aberration.  Under  ordinary  circnm9tan£(i» 
however,  the  latter  scarcely  interferes  with  the  sharpness  of  risioo.* 
I  shall  not  dwell  further  upon  it,  as  it  has  no  essential  conneoaB 
with  our  subject. 

Hays  of  light  of  equal  length  of  undulation,  and  as  such,  of  equii 
refrangibility,  form  homogeneous  light;  the  light  is  also  of  simiUr 
colour,  and  is  therefore  called  monochromafic.  If  such  ravs  lali 
parallel  on  a  spherical  surface,  and  at  the  same  time  at  an  equal  (fc- 
tance  from  its  axis,  they  are  refracted  in  an  equal  degree  from  or 
towards  the  axis,  and  thus  continue  directed  to  one  point :  the  homo- 
centricity is  perfect.  But  if,  although  parallel  to  the  axis,  they 
strike  the  surface  at  different  distxinces  from  the  axis,  thev  cease  to 
be  directed  exactly  to  one  point :  the  farther  from  the  axis  they 
strike  the  surface,  the  nearer  to  the  surface  do  they  cut  the  am 
This  deviation  is  called  -spJicriral  ahenation:  it  is  the  monochromatic 
ahenatmi  (that  is,  tlie  aberration  of  rays  of  like  colour)  belonging;  to 
refraction  by  a  spherical  surface. 

The  dioptric  system  of  the  eye  also  has  a  monochromatic  abem- 

•  Helmholtz,  Physiohgische  Optik,  in  AUgemeine  Encylclopigdie  der 
Phyiiikj  hcrausgegeben  von  Gustav  Karsten.  Leipzig,  1856,  1  Lief,  pp.13' 
et  seq. 
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Uion.   The  latter  is  in  it  even  rather  coiisiflerable,  and  is  liighly  com- 
[plicated.     For  our  purpose  it  is  to  be  distiiiguislieLl  as — 

a*  An  aberration,  wiiieli  \\m  reference  to  the  rays  refracted  in  one 

the  satne  meridian. 
h.  An  aberration^  dependent  on   tbe  difference  in  focal  length  of 
the  different  meridians  of  tbe  bght*refracting  system. 

l%e  first  represents  irre^uiar  astigmatism.  It  is  dependent  chiefly 
oil  the  stnicture  of  the  lens,  and  its  leading  phenomenon  is  the 
polyopia  nniocnlaris.  Morbid  deviations  may  also  produce  irregular 
astigmatism.  Of  theae  I  shall  speak  in  the  last  section  of  this 
chapter,  Tlie  second  gives  rise  to  rt^gitiar  astigmatism,  which  is 
capable  of  correction.     It  is  the  principal  subject  of  this  chapter* 

The  Rev.  Br.  Wliewell  has,  aa  Maclcenzic  {A  Practieal  Treatise  on  the 
jyiseanen  of  the  Eye^  London,  1854,  p.  927)  informs  ub^  designated  the  defect, 
de&oribed  by  Airy  as  existing  in  his  left  eye,  by  the  name  of  astigmatism. 
Tljia  word  is  derived  from  a  priv.  and  cmy^a,  from  oTtfiu,  pnngo,  and 
signitiea  that  rays,  derived  from  one  pointy  do  aot  again  unite  into  one  point 
llie  entire  raonochromatic  deviation  in  the  eye  we  may  therefore  call  astig- 
matism, and  this  meaning  I  have  given  to  th©  term  in  (|ueBtion.  Wtiewell 
had  applied  the  name  only  to  the  regular  form.  By  the  word  astigmatism, 
used  withoat  more  preoise  definitioni  regular  aatigmatism  will,  in  the  sequel 
of  this  work,  be  understood, 

§34,  Kkgular  Astigmatism  in  the  Noemal  Eye. 

If  we  deteraiirie  successively  the  farthest  point,  at  which  fine 
horizontal  and  fine  vertical  threads  or  stripes  are  acutely  seen,  we 
obtain  unequal  distances.  The  great  majority  of  eyes  discover  a 
shorter  distance  for  horizontal  than  for  vertical  stripes, 

A  similar  difference  is  met  with  iu  determining  the  nearest  ]X)int 
of  distinct  vision.  The  difl\*rence  then,  however,  comes  out  too 
great,  because  the  two  determinations  are  not  made  nnder  similar 
convergence,  and  with  greater  convergence  the  eyes  accommodate 
more  strongly. 

Two  tlireads,  which  cross  in  a  plane,  the  one  being  vertical  and 
the  other  horizontal,  are  not  seen  with  equal  sharpness.  If  we  see 
the  horizontal  one  acutely,  the  vertical  thread,  to  be  distinctly  seen, 
must  be  removed  from  t!ie  eye ;  if  we  accommodate  for  the  vertical^ 
the  horizontal  must,  in  order  to  obtain  equal  sharpness,  be  brought 
nearer  to  the  eye.  A  similar  diflerence  is  maintained  with  each 
de.gree  of  tension  of  ac<;oramodation. 
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These  experiments  prove,  that  the  points  of  the  refracting  meridians 
are  not  symmetricallj  arranged  around  one  axi^.  The  asymmetiy  is  of 
such  a  nature  that  the  focal  distance  is  shorter  in  the  vertical  meridian 
than  in  the  horizontal.  In  order,  namely,  to  see  a  vertical  stripe 
acutely,  the  rays,  which  in  a  horizontal  plane  diverge  from  eadi  point 
of  the  line,  must  be  brought  to  a  focus  on  the  retina :  it  is  not  neces- 
sary that  those  diverging  in  a  vertical  plane  should  also  previon^lj 
converge  into  one  point,  as  the  diffusion-images  still  existing  in  a 
vertical  direction  cover  one  another  on  the  vertical  stripe.  On  the 
other  hand,  in  order  to  see  a  horizontal  stripe  acutely,  it  is  necessan 
only  that  the  rays  of  light  diverging  in  a  vertical  plane  should  um'te  in 
one  point  upon  the  retina.  Now  horizontal  stripes  are  acutely  seen,  as 
I  have  remarked,  at  a  shorter  distance  than  vertical  ones :  conse- 
quently rays  situated  in  a  vertical  plane,  which  are  refiracted  in  the 
vertical  meridian  of  the  eye,  are  more  speedily  brought  to  a  focos 
than  those  of  equal  divergence  situated  in  a  horizontal  plane;  and 
the  vertical  meridian,  therefore,  has  a  shorter  focal  distance  than 
the  horizontal. 

The  correctness  of  this  view  appears  further  from  the  form  of  the 
diffusion-images  of  a  point  of  light.  In  accurate  accommodation  the 
diffusion-spot  is  very  small  and  nearly  round,  while  a  nearer  point 
appears  extended  in  breadth,  and  a  more  remote  one  seems  to  be 
extended  in  height* 

The  signification  of  this  phenomenon  must  be  clearly  understood, 
and  appears,  therefore,  to  demand  more  particular  explanation. 

Let  us  suppose  the  total  deviation  of  light  in  the  eye  to  be  pro- 
duced by  a  single  convex  refracting  surface,  with  the  shortest  radius 
of  curvature  in  the  vertical,  and  the  longest  in  the  horizontal  meri- 
dian. These  two  are  then  the  principal  meridians.  Through  a  central 
round  opening.  Fig.  IbO,  vv'  A  A',  let  a  cone  of  rays,  proceeding 
from  a  point  situated  in  the  prolongation 
*^'       *  of  tlie  axis  of  vision,  fall  upon  this  surface ; 

of  this  cone  let  us  consider  only  the  rays, 
situated  in  the  vertical  plane  v  v',  and  the 
rays  situated  in  the  horizontal  plane  k  k\ 
whereof  respectively  the  points  r  v  and  h  k' 
are  the  most  external.  After  the  refrac- 
tion both  approach  the  visual  axis  (which 
perpendicular  to  the  plane  of  the  drawing 
passes  through  a),  v  v'  does  so,  however, 
more  rapidly  than  kk'.      Before  union  they  therefore  lie,  in  the 
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ellipse  A  J  as  in  Pig,  151,  and   where  p  v'  meet  iii  one  point  B, 
A  Ji    have  not  yet  come  to  a  focus.      Thereupon  we  bow  find  in 
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Buccessiuii  V  p'  already  intersecteil,  A  k'  approached  to  one  another^ 
C,  1)^  and  E ;  further,  k  k  nnited  in  one  point,  and  v*  v  after  inter- 
ction  more  widely  separated,  E;  finally,  both  intersected,  G.  The 
fof'Us  of  V  V  therefore  lies  most  anteriorly,  that  of  h  K  tnost  posteriorly, 
in  tlie  axis*  The  space  between  these  two  points,  where  rays  of  diflerent 
meridians  intersect,  may  be  caviled  focal  ii^terval  {iniervaUe  Jhcal,  or 
brennstrtTlce  of  Stuiui). 

From  the  above  figures  it  is  now  evident,  what  suceesaive  forms 
the  section  of  the  cone  of  hght  will  exhibit.  In  the  middle  of 
the  focal  interval,  D,  it  will  be  nearly  round,  and  anteriorly  throngh 
oblate  ellipses,  C,  with  increasing  eccentricity,  it  will  pass  iuto  a  hori- 
sontat  line,  B ;  posteriorly  through  prolate  ellipses,  E,  it  will  come 
to  form  a  vertical  line,  F,  while  before  the  focal  interval  a  larger  oblate 
eilipse.  A,  and  behind  it,  a  hirger  proLite  ellipse,  Q,  will  be  found. 

To  this,  as  we  have  seen,  the  diffusion -images  of  the  eye  in  general 
correspond.  They  thus  find  tlieir  explanation,  when  the  dioptric 
s^ystem  of  the  eye  is  considered  as  a  single  refracting  surface,  with  a 
difference  of  radius  of  curvatiu-e  in  its  severt^l  meridians,  and  it  will 
more  fully  ap[)ear  that  we  are  justified  in  so  considering  it. 

Moreover,  through  tlie  form  of  the  diffusion-images,  in  refraction 
by  such  a  surface,  what  1  have  stated  respecting  the  difference  in  the 
ilistance  of  distinct  vision  of  stripes  of  different  direction  is  fully 
explained.  Horizontal  and  vertical  stri[)cs,  namely,  are  atutely  seen, 
when  the  diffusiori-itnages  of  all  the  points  of  the  stripe  form  respec- 
tively horizontal  and  verticd  lines,  which  cover  ofie  another  in  the 
stripe;  nnrl  this  will  he  the  case  when  the  beginning  and  the  end 
of  the  focal  interval  correspond  respectively  to  tlie  percipient 
surface  of  the  retina. 

To  make  the  descri[)tion  easier,  we  have  thus  far  assumed  that  the 
maximuui  of  curvature  coincides  with  the  vertical,  the  minimum  with 
the  horizontal  meridian.  And  the  rule  in  fact  is,  that  they  nearly 
do  so.     But  to  this  rule  there  are  numerous  exceptions.     Not  utifrf 
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quently  the  deviation  from  the  ordinjur  direction  is  very  oonsdenUe ; 
and  it  even  occurs  that  the  maximnio  of  corvatare  oHncides  neaiij 
with  the  horizontal^  the  minimnm  with  the  vertical  meridian.  So 
Thomas  Young,  the  discoverer  of  astigmatism^  found  it  in  his  ovn 
eve.  and  I  too  liave  met  with  some  cases  of  this  nature. 

In  genf^ml  there  is  no  difficulty  in  determining  the  direction  of  the 
principal  nit-ndians  (iho:^  of  the  maximum  and  luiuimum  of  curv^ 
- .  ture).     The  mode  of  doing  so  is  included  in 

the  experiments  above  described,  in  proof  of 
the    existence    of  astigmatism.      Were  we 
'  .--       so   perfectly   cons<aous  of  our  accommoda- 
^       __  w/l-  '^'"       ^'o"   ^^^^  ^^  could  accurately    state^   what 
_     '7^^  lines  in   the  annexed  figure  are  seen  quite 

sharply  at  the  maximum,  and  what   at  the 
minimum  of  augmented  tension,  the  direc- 
tions of  the  maximum  and  minimum  of  cur- 
vature wouM   at  the  same  time  be   known.      Th;it  consciousness 
is,  however,  seldom  very  accurate. 

A  more  certain  mode  of  determination  is  supplied  by  the  du^ction 
in  which  the  diffusion-images  of  a  |}oint  of  light  appear  extended  on 
this,  and  on  that  side  of  the  distance  of  distinct  vision.  With  the 
head  periK-ndicular,  tlie  eye  brought  by  glasses  to  a  state  of  myopia  of 

about   r,  let  a  point  of  light  (for  example,  a  very  small  opening  in  a 

black  plate,  turned  towards  the  5?ky  or  towards  the  globe  of  a  lamp) 
be  brought  in  a  horizontal  plane  successively  ^^c^r^  ^yand  bt-ifond  the 
distance  of  distinct  vision  :  it  tiiU  exhibit  itself  in  these  two  posi- 
tions elongated  in  opposite  directions,  the  longest  dimension 
corrcisponding  in  the  first  position  to  the  direction  of  the  minimum 
of  curvature,  that  in  the  second,  to  the  direction  of  the  maximunr  of 
curvature. 

The  result  is  often  surprising  when  the  eye,  made  slightly  myopic 

for   example  7—  !  by  a  glass  (whose  axis  must  coincide  with  the 

visual  axis),  is  made  to  look  towards  a  remote  point  of  light  (a 
small  roujid  opening  in  a  black  screen  turned  towards  the  light), 

and  a  negative  glass  [  for  example  —  .rr  J  is  alternately  held  before 

the  eye  and  taken  away.     The  diffusion-image  then  is  extended  in 

each  time  two  opposite  directions — with  the  addition  of  —  oR  ^^  ^^ 
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meridian  of  the  mimmtiiD  of  curvature,  without  tliis  addition  in  that 
of  the  maximuni  of  curvature.  By  quickly  pushmg  the  glass  to  and 
fro,  the  two  images  are  (in  consequence  of  the  persistence  of  the 
impresiiiuns)  persistently  and  simultaneonsly  seen,  and  in  some  then 
exhibit  the  form  of  a  cross* 

Tlic  estimation  of  the  direction  may  sometimes  be  doubtful  in 
the  experiment  ju^t  described,  when  the  iirtgular  astigmatism  is 
extraordinarily  developed,  and  the  ditfusion-iinages  arc  consequently 
higUy  complicated.      We  then,  however,  attain  certainty  by  giving 

to  a  weak  cylindrical  glass,  for  ordinary  cases  of  — ,  such  a  direction 

that  letters  or  other  small  figures  are  most  acutely  seen :  in  the 
most  advantai^eons  position  we  obtain  only  the  (liffcreHct'  ot  the  astig- 
matic eflects  of  tbe  cyliiidrical  lens  and  of  the  eye  ;  in  the  moat  dis- 
advantageous, on  the  contrary,  we  obtain  the  mm.  The  glass  is 
placed  with  its  axis  directed  vertically,  in  a  rin^i^,  whieh  turns  in  a 
seeotul  ring  flxed  on  a  plate  :  on  this  plate  the  poMtion  of  the 
axis  chosen  can  be  read  off  in  degrees.  By  this  experiment  we  can 
satisfy  any  one  that  his  eye  is  not  free  from  iistigmatism :  if  it 
were  so,  the  vision  of  compound  figures  would  be  interfered  with 
equally  iu  every  position  of  the  axis.  But  this  is  by  no  means  the 
ease  :  most  people  even  lind  an  improvement  of  virion  when  a  cej- 
taiu  direction  is  given  to  the  glass. 

ITie  cause  of  regular  astigmatism  is  to  be  souglit  partly  in  the 
cornea.  Numerous  measurements  have  shown,  that  the  cornea  in  its 
several  meridians  has  a  different  radius  of  curvature  ;  and  what  holds 
good  for  the  dioptric  system  of  the  whole  eye,  namely,  that  the  maxi 
mum  of  curvature  usually  lies  closer  to  the  vertical  meridian  than  to 
the  horizontal,  is  equally  applicable  to  the  corneal,  taken  by  itself.  It 
is  thus  established^  in  the  tirst  plaee,  that  the  cornea  on  account  of 
its  form  produces  astiginaticiio  ;  in  the  second  place,  tliat  even  if  the 
crvstalline  lens  has  an  influence,  tbe  direction  given  to  it  by  the 
cornea  in  general  preponderates. 

On  the  lens  depends  irregular  astigmatism;  to  it  polyopia  uni- 
ocularis,  to  it  the  rays  of  the  diffusion-images  of  a  point  of  light  owe 
their  origin.  The  direct  proof  of  this  is  furnislied  by  the  fact,  that 
in  the  condition  of  aphakia,  when  the  lens  is  wholly  absent  from  the 
eye,  all  these  phenomena  of  irregular  a^tigmati:^m  are  removed.  In 
numerous  crises  I  have  satislied  myself  of  this.  The  boundaries  of  the 
local  space,  and  the  transition-forms  of  the  diffusion -image  (Kig. 
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151)  are^  when  aphakia  exists,  exhibited  with  an  aocuney  al 
definition,  which  satisfy  the  most  rigid  requiiements  of  it 
theory. 

However,  the  crystalline  lens  modifies  also  regular  astigmitiH^ 
whether  in  virtue  of  the  form  of  its  surfaces,  or  throagh  ofabp 
position.  Therefore  the  regular  astigmatism  of  the  whole  sntoi 
corresponds  exactly  neither  in  direction  nor  in  degree  to  the  fon 
of  the  cornea. 

Astigmatism,  the  result  of  a  positive  cylindrical  lens,  may  be  re- 
moved by  a  second  of  equal  focal  distance,  either  by  a  n^idve, 
whose  axis  is  parallel  to  the  first,  or  by  a  positive,  whose  ixb 
stands  perpendicular  to  that  of  the  first.  Thus,  also,  the  astigmatisi 
of  the  eye  may  be  corrected  by  a  cylindrical  lens;  and,  according  to 
the  principle  laid  down  in  §  6,  for  the  determination  of  the  d^ree  d 
anomalies  of  refraction,  the  focal  distance  of  the  cylindrical  lens 
required  for  this  purpose  defines  the  degree  of  the  astigmatism :  it 
is  inversely  proportionate  tio  the  focal  distance  of  the  correcting  leos^ 
expressed  in  Parisian  inches. 

So  long  as  astigmatism  does  not  essentially  diminish  the  acatenen 
of  rision,  we  call  it  normal.     It  is  abnormal  so  soon  as  disturbance 

occurs.     If  it  amounts  to  ^     or  more,  it  must  be  considered  as 

abnormal.  The  reason  that  Dr.  Knapp  found  no  disturbance  with 
higher  degrees  would  app(*ar  to  be,  that  he  deduced  the  degree  from 
the  determination  of  the  nearest  points,  whereby  too  high  values  are 
obtained  (see  p.  451). 

The  asyramt'try  of  the  dioptric  system  of  the  eye  \iaa  first  observed  by 
Thomas  Younj^  {Philosophical  Transactions  for  1793,  vol.  Ixxxiii.,  p.  169, 
and  Miscellaneous  Tfor/s  of  the  late  Thomas  Younjf,  edited  by  Peacock. 
LoDdon,  185o,  vol.  i.,  p.  26),  in  his  own  |)erson.  The  distinguished  natunil 
philosopher,  whose  brilliant  merits  in  the  domain  of  physiological  optics 
were  iirst  duly  estimated  by  Ilelmholtz,  M-as  himself  nearsighted.  In  relax- 
ation of  the  eye,  consequently  in  determination  of  the  farthest  point,  he  saw 
in  his  optometer,  held  in  a  horizontal  position,  the  double  images  of  the 
thread  intersect  one  another  at  seven  inches  from  the  eye,  on  the  contrary  at 
ten  inches,  when  in  a  vertical  position.     This  indicates,  on  reducing  the 

English  to  Parisian  inches,  an  astigmatism  of  about  ,.^  ;  and  it  is  therefore 

■trange  that  Young,  as  he  himself  remarks,  had  experienced  no  disturbanoe 
from  it.  The  optician  Gary,  to  whom  Young  communicated  his  disooTeiy) 
itated  to  him  that  he  had  before  often  found  that  nearsighted  people  dis* 
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tluguished  objeots  much  more  acutely^  when  the  gliiftsea  suited  to  thera 
were  held  ia  a  particular  oblique  direction  befoica  the  eye :  now  by  this 
manoeuvre,  at  least  when  stronf^  K^aases  are  niicessaryi  a  certain  degree  of 
Mtigmatisni  may  be  ctirrected. — Young,  too,  had  already  studied  and  de- 
Itneated  the  form  of  the  diftusion- spots.  The  source  of  astigmatism  bo 
nought  in  the  erystalliue  lens,  because  it  continued  when  lie  plnnged  hia 
cornea  into  water,  and  replaced  its  action  by  thjit  of  a  convex  lens.  He 
now  ttsaumed  an  oblique  pohition  of  the  cryHtalline  lenu  aii  tlie  cause, 
and  t^ven  thought  tbat  from  the  ditfuision  images  of  a  puint  of  li^ht  it  might 
be  deduced,  that  the  two  surfaces  of  his  lens  were  not  centred. — In  a  double 
point  of  view,  therefore,  Young's  eye  presented  an  exception  :  the  refraction 
was  stron^'er  in  the  horizontal  than  in  the  vertittal  meridi&a,  and  the  cause 
lay  principally  in  the  lens. 

Fick  {ZeiUchriftf.  raihn,  Medizin.  N.  F.  YL,  p.  83-)  found  in  himself  an 

igmatiam  of  ;    Helmhollx   {Phywmi   Opiik.   L   c,   p.    H5.)   of    -r^. 

Brueoke,  as  I  believe,  could  not  ob&erve  anything  of  the  kiad*     In  my  right 

eye  it  amountJi  to      ~  ,  in  my  left  to  _        Sliarp  eyen  have  generally  not  moro 

than  from  -  .-   to    --.      If  it  amounts  to  more,  the  power  of  vision  will 

be  under  some  oircumHtanoes  (coftpare  the  following  {)  already  disturbed- 

The  theory  of  refraction  by  asymmetneal  surfaces  was  developed  many 
years  ago  by  Sturm  (Comj)tfm  remhts  de  f Academic  dt's  Sciences  de  Paris^ 
t.  IX.,  pp.  554,  761,  12:3H,  and  Poggendoi-ff'a  Annahn  B.  65,  116.  Compare 
Fick,  Mediz,  Phi/»ik,  p.  327,  whence  the  accompanyiujj^  li^'^ure  is  borrowed). 
He  showed  that  when  a  homoeentrie  bundle  of  light  falli  on  a  very  small 
cireularly-detiued  portion  (Fig.  153^  o)  of  a  convex  aaym- 
metrioal  Burlace,  after  the  refraction  it  no  longer  continues  ^i^'*  153. 
homoeeiitrie^  but  that  the  refracted  fasciculus  of  rnys 
forma  a  certain  skew  surface  (surface  gauche),  wbich, 
ej[oept  through  the  small  opening  o^  is  bounded  by 
two  right  lines  h  h'  and  v  v',  intersecting  in  the  space,  and 
which  do  not  lie  in  the  same  plane:  if  h  h'  be  supposed 
to  b«  in  the  plane  of  the  tigure,  r  t*  is  to  bt?  considered 
as  the  projection  of  a  pi^rpendicular  line  standing  on  the 
same.  The  space  between  A  /♦'  and  v  r'  is  the  foijal  inter- 
val of  Sturm. 

1  have  above  remarked,  that  the  forms  of  the  difiusiou- 
images  of  the  dioptric  system  of  ihu  eye  in  general  corre- 
apond  to  what  the  foregoing  theory  would  reijuiro,  except-         ^^V-WAT 
ing  peculiar  complications.     It  needs  to  be  further  investi- 
gated in  whnt  the  asymmetry  of  the  system  censtists. 

In  the  first  plaop,  then,  the  cornea  is  a&ymmetricaL  It 
may,  as  numerous  measurements  prove,  he  considere^d  as 
the  top  segment  t>f  an  ellipsoid  with  three  unequal  axes.  Tbo 
long  axis  corresponds  to  the  visual  axis;  the  two  short 
axes  lie  in  general  nearly  horizontally  and  vertically.  All 
OK^ridional    aections,    carried  through  the    long  axi^,  are  nearly   ellipses. 
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bat  of  unequal  eooentrioity  and  of  unequal  ndias  of  oorratuie  (oonl 
Knapp,  /.  Cf).  The  maatimum  and  minimum  of  radius  of  cazrature  eom- 
■pond  to  the  principal  Beotiont  which  are  carried  through  the  long  axii  and 
one  of  the  short  axes,  the  maximum  usually  corresponding  to  the  boo- 
Xontal,  the  minimum  to  the  vertical  principal  section.  Now,  to  sash  an 
ellipsoid  the  theory  of  Sturm  is  applicable.  That  a  focal  space  thus  niut^ 
and  what  form  its  perpendicular  sections  have,  is  above  conapicuouslyrepis- 
sentcd  (Fig.  151).  1  think  it  necessary  here  to  introduoe  a  fuller  expiua- 
tiuu,  afit^r  Ifelmholtz.    In  Fig.  151,  let  the  line    ^  6  be  an  axis  of  Uie 


Fig.  101. 
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ellipsoid,  in  the  prolongation  of  which  at  p  is  the  |)oint  of  light.  Let  the 
plane  of  the  diagram  be  a  principal  section  of  the  ellipsoid,  so  that  a  $ectmi 
axis  g  h  lies  in  this  plane.  The  normals  of  all  points  of  an  ellipsoidal  plane, 
which  are  met  by  a  principal  section,  lie  likewise  in  the  principal  section 
of  the  ellipsoid.  And  as  a  refraoted  ray  remains  in  the  plane,  in  which  it 
lay  with  the  normal,  so  rays,  incident  in  a  principal  section,  also  remain 
after  refraction,  in  the  principal  section.  When  therefore  a  ray  from  p 
falls  upon  the  point  o,  the  refraoted  ray  remains  in  the  plane  of  the  diagram 
(in  which  the  ray  and  the  plumbline  da  lie),  and  cuts  the  axis  ^^  in  one  of 
its  poinU  q.  The  refracted  ray  is  thereby  more  accurately  deHned  through 
the  condition  that 

1^ 
sin  acq  must  be  as  n  sin  p  o  </, 
wherein  n  signifies  the  coeflicicut  of  refraction.  This  condition  is  the  same 
as  for  symmetrical  or  rotation  surfaces.  The  almost  perpendicular  rays 
incident  at  h  have  therefore  a  common  focus  in  the  axis,  whose  distance 
depends  on  the  radius  of  curvature,  r,  of  the  curved  line  hchmb.  If  p  lies 
at  an  infinite  distance,  the  posterior  focal  length  for  the  given  principal 
section  is 

u  —  1 

The  rays  which,  proceeding  from  p^  run  in  the  other  principal  section, 
which  is  determined  by  h  q  and  the  third  axis,  are  in  all  respects  similarly 
related ;  only  the  radius  of  cuivature  in  the  top  of  the  plane  has  another 
value  i**,  and  the  focal  distance  in  this  second  principal  section  is 

w   r' 

The  ray  p  q  is  therefore  cut  by  the  rays,  which  in  the  plane  of  the  dia- 
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grmm  border  immediately  upon  it,  in  a  poiDt,  for  ei^ample  in  q  j  oa  the  con* 
trmrjr,  by  the  rays  borderiag  thereon  in  a  pluuc 
utuale  perpend  tciilarly  to  the  plane  of  the  dia> 
gT&in,  not  in  the  aame  point  q^  but  in  anuiher 
point,  for  ex  a  Di  pie,  in  «. 

It  id  now  evident,  that^  in  the  point  y  of  tho 
Sxi»T  the  raySf  lying  io  a  plane»  perpendicular  lo 
the  di&gramt  have  still  a  linear  exttnbion  in  that 
plane;  that»  on  the  other  hand,  the  rays,  lying 
ID  the  piano  of  the  diagram  and  iinitiu}^  in  q, 
baWog  arrived  at  the  point  s  of  the  ajtis^  have 
again  acquired  a  linear  exteuBiou ;  in  ^  and  n 
therefore  lie  the  limits  of  the  fooal  interval  — 
From  the  represt^ntation  abo?e  given,  all  this 
may  have  boen  already  asoertained.  But  now, 
for  the  hrst  time  becomes  evident,  what  was 
above  designedly  left  out  of  view,  that  id  thia 
oonsideratiou  only  the  rays,  coincident  wiih  the 
two  principal  sections  of  the  tri-axial  t-dlipsoidB, 
are  includeil.  For  only  in  these  [iriiieipal  bcctious 
do  the  normals  pass  throug^h  the  principal  axisj 
in  all  other  meridional  sections  the  normals  do 
not  intersect  the  axis,  consequeDtly  the  incident 
rays  are  not  refracted  in  a  plane ^  in  which  the 
principal  axis  lies,  and  the  rays  therefore  do 
not  intersi'ct  in  a  point  of  the  axis. — Hence  it 
appears^  that  we  cannot  assume  that  in  the  focal 
interval  a  serieii  of  foci  should  lie  on  the  axis. 
This*  obtains  only  for  the  beginning  and  end 
of  this  interval.  I'he  fasoiculus  is,  as  Sturm 
taught,  contained  in  a  skew  surfaoe,  and  hence 
it  i»  to  be  deduced  that  all  the  rayjj  refracted  in 
the  different  meridians  cut  one  another  in  the 
two  intersecting  lines,  bounding  the  beginning 
and  end  of  the  focal  interval,  and  that  the  above- 
described  transitioD-forma  of  tho  sections  of  the 
bundle  of  light  are  found  in  the  focal  interval. 

In  a  recently  published  easay,  Dr.  J*  IL  Knapp 
{Archiv  J\  Op}tth(ihni)lo(jit\  B.  viii.  Abtli.  % 
p,  108},  led  by  a  remark  of  Professor  Kirchhoif, 
that  by  simple  analytical  geometry  of  space  we 
eau  prove,  that  a  bundle  of  rays  refracted  by  as)  m- 
metrically  curved  surfaoea,  must  pass  through 
two  right  lines,  has  mathematically  determined 
the    form    of  the    whole    relraoted   bundle  of 
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llie  form  of  the  cornea  leads  ns  to  expect,  that 
it  in  itaelf  must  produce  an  astigmatismi  completely  agreeing  with  that  here 
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dtteribed.  Thii  I  baTe,  cm  inTertigmtuni,  found  eonfirmed.  For  this  pnrpon 
I  hmve  choMrn  cmaes  in  which,  in  oongeniUl  catanct^  tike  leu  hai  beet 
absorbed  after  Bomerous  panctores  (so  that  the  qoestion  of  an  alteratioB  of 
fonn  of  the  oomea  in  oonseqoenee  of  operation  coold  not  be  entertained],  lad 
where  tlie  pupil  bad  remained  quite  round.  Without  exception,  the  limitsof  the 
focal  iutervai  were  by  these  eyes  quite  accurately  defined  as  fine  lines,  and 
tlie  ohaD^^es  of  form  of  the  diffusion-images  were  also  given,  agreesbW  to 
the  theory.  From  the  direction  ot  the  lines  bounding  the  focal  intenrsl,  tike 
maziojum  and  minimum  of  curvature  of  the  cornea  were  immediately  dcdn- 
oible.  Ki^.  ]t>5  indicates  the  direction  found  in  cajats  of  aphakia  inyoQng 
subjects  ;  1)  represents  a  right,  S  a  left  eye  ;  h  h'  Ia  the  diiiubion*imsge  at 
the  anterior,  r  v'  at  tne  posterior  boundary  of  the  focal  intervaL  It  hauot 
apfioars  that  only  oooe  (IX)  was  the  radius  of  curvature  greater  in  the 
vertical  meridian  than  that  in  the  horizontal,  once,  while  h  hf  and  r  1/  boll 
form  an  angle  of  about  45?,  nearly  equal  to  it  (VIII.;,  and  that  it 
the  seven  other  cases  the  vertical  meridian  evidently  had  a  shorter 
radius  of  curvaturu,  and  four  times  even  nearly  coincided  with  the  short- 
est. 

To  a  similar  result  did  the  radii  of  curvature  of  the  cornea  in  a  horizon- 
tal and  in  a  vertical  plane,  carried  through  the  line  of  vision,  ascertaintd 
with  the  aid  of  the  ophthalmometer,  lead.  The  following  Table  may  be 
consulted  : — 


ObservirH. 

hor.  rad. 

Vert.  riid. 

¥'  hor. 

¥^  vertio. 

1          As 

1        =^^ 

1 

In  Parisian  incheu. 

1     mm. 
1           .'-,     7-74 

mm. 
7-74 

- 

l-13.'iG 

M356 

QC 

2           1   !     H1>0 

812 

1-2031 

1-1914 

88 

:) 

'     8^1 

8-10 

1-2237 

1-2107 

85 

*     C 

7-2;j 

7-23 

10G08 

1-0608 

GO 

^■X 

8-27 

8-30 

1-2134 

1-2178 

—  250 

a  i 

7-7;j 

7G9 

11342 

1'1283 

160 

7  Z 

8- IT) 

704 

1-1058 

M650 

34 

«   1 

8(KS 

7-81 

1-1855 

1-1457 

29 

S02 

702 

M7G7 

1-1626 

76 

10    ^ 

1     7- 12 

7-30 

1-0887 

10711 

50 

>1    1 

i     7'VJ 

7 -a  I 

10087 

1-1019 

—  280 

1-2    (2 

7-10 

716 

1-0087 

10031 

160 

i;j 

7-81 

7-4G      ' 

11503 

10946 

16-9 

M 

;     7-7.') 

7-33      ' 

1-1371 

1-0755 

14-9 

I A 

7  00 

7-53      , 

1-1151 

11048 

89 

IG        ^     7:.r> 

7  GO 

1-1078 

11151 

—  127 

](]                  7-80 

701    ; 

114)5 

1-1605 

—  62 

17  g.  (        807 

18  g             7-2;J      ' 

10  tS         -••^-' 

82G      ' 

11S40 

1  2120 

—  40 

7-385    . 

10008 

1-0835 

—  38 

708 

1-0503 

10388 

40 

•JO           ^  ;     7-74      1 

7-71      , 

1.1356 

1-1313 

?20 

In  the  second  column  the  radii  of  curvature  found  for  the  horizontal,  in 
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{ho  third  ibose  found  for  the  vertical  plane,  are  indicated,  expressed  in  mm, ; 
I  in  the  fourth  and  fifth  oolumtis  the  posterior  focal  diBtanoeB,  F',  of  the  cornea 
I  in  the  two  planes  are  coDtainod,  oalcnlaled  aecording  to  the  formula 

_   n    r 

~n  —  I 

\n  being  assumed  ^^  1'3365.     Tliey  are  expretiaed  in  Punaian  inches,  and 
t  Ihence,  according  to  the  formula 

'  the  fooal  distance  is  caloulated  of  a  oylindrical  lens  which,  applitd  to  the 
horizontal  meridian,  should  in  this  make  the  posterior  focus  coincide  with 
the  focus  for  the  vertical  meridian.  In  this  formuln,  F^  (^  F"  :  n)  is  the 
anterior  focal  distance  of  the  cornea  in  the  horizontal  plane,/"  the  posterior 
focjil  distance  in  the  vertical  plane,  /'  the  distance  from  the  pJane  of  the 
cornea  to  a  point  in  the  axis,  to  which  the  rayg  in  a  horizontal  plane  must 
be  directed,  to  find  their  point  of  union  in  the  focus  of  the  vertical  surface. 
If  the  radiua  of  curvature  in  the  horizontal  plane  be  greater  than  in  the 
Tcrtical,  then  is  /''  <  F',  and  conse<^uently  ^f  is  negative,  which  signifies 
that  the  rays  must  converge  towards  a  |^oiut»  situated  behind  the  cornea, 
and  that  the  cylindrical  lens  must  therefore  be  a  positive  one.  If  the 
radius  of  curvature  he  i^reater  in  the  vortical  plane,  the  reverse  is  the  case, 
and  the  cylindrical  lens  rauRt  in  this  instance  be  negative.  Therefore  if /** 
he  negative,  a  positive  lens  is  necessary^  and  rtce  vcrsd.  The  negutive 
sign  is  placed  in  the  Table,  where  a  negative  lens  was  necessary.  Moreover, 
we  find  on  calculation  that  (the  lens  being  supposed  to  be  immediately  at 
the  cornea)  a  negative  lens,  which  shall  alter  the  focal  distance*  of  the 
strongest  curvature  into  that  of  the  weakest,  must  have  the  same  focal  dt»- 
tanoe  as  a  positive  lens,  which  can  do  the  opposite. 

From  the  Table  it  appears  in  the  first  place,  that  among  the  fifteen  cases 
examiued  by  us,  only  three  times  was  a  shorter  radius  found  in  the  Imri- 
zontol  plane  than  in  the  vertical,  and  that  each  time  the  difference  was 
extremely  slight.  Among  the  five  cases  of  Knapp  (the  last  five),  on  the 
contrary,  it  happens  that  not  less  than  threo  occur,  in  which  the  horizontal 
plane  has  a  shorter  radius  of  curvature  than  the  vertical. 

In  general  the  calculated  astigmatism  is  dight*     At  the  same  time  itia  , 
also  to  be  observed,  that  No.    H,   with    an  aatigmatism  of  tlie  cornea  of 

T^v^t  ^^d  considerably  diminished  sharpness  of  vision,  capable  of  improve- 
ment by  a  oylindrical  glass,  and  that  thi»  probably  was  the  case  also  wiUt 
soma  others.  No,  J  3,  the  left  eye  of  the  same  pers«m  to  whom  No.  14 
belongs,  is  an  eye  in  which,  with  much  astigmatism  of  the  cornea,  the  whole 
em  (on  account  of  compensation  by  the  lens)  exhibited  only  a  slight 
,  which  did  not  interfere  with  the  aciiteness  of  vision. 
I  have  not  endeavoured  in  these  cases  to  compare  the  astigmatism  for 
each  eye  in  particular,  proceeding  from  the  cornea,  with  the  total  astig- 
matism of  the  dioptric  system.  No  useful  result  was  to  be  expected  from 
doing  so.     In  order,  in  fact,  to  be  able  to  calculate  what  astigmatism  the 
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orystalline  lens  possesses,  the  direction  and  degree  of  astigroiLttnii  for  1 
whole    sTfltein,   and    for   ihe  cornea   the   radii   of  enrvatur©  in   its   onr, 
and  indt^efi!  iVi   the    tneridiftns    t\f  mnrmmn   atul    tnimtfuim,    must   Kif| 
been    known.      Now   we  niiij  admit  ihat   the    radii    of  ctjfTature  ia  i 
visual  line  deviate  little  from  those  in  the  axis  of  the  cornea,  and  the  p 
cipal  meridUna  usually  approach  to  the  horizontal  and  verticad  tlirectt'W 
»o  that,  in  sfeneral»  from  the  meaftntements  made  it  can  be  estimated,  h^ 
much  astij^matism  proceeds  from  the  asymmetry  of  the  cornea  ;  bnt  still  I 

.  considered  the  deviation  too  great  to  allow  of  our  determining  the  ^li^hi  si* 

■  tiffmatism  of  the  crystalline  leni*  (as  difference  between  the  total  nnd  Uwt^. 
fotind  for  the  cornea)  btf  simpU  subtrnrfion. 

A    more    accurate    inveetif^ationi  formerly  promised    {.1  fififrm^fltm^ 

%eplindri$che  fflazen,  p.  68,   Utrecht  1862),  and  now  ncconij 
c^aloas  oo-operation  of  Dr.  Middelburg  (df^  ZitpUiaU  ran  / 
Utreehtv  1863),  has  shown » indeed,  that  such  fiubstraction  in  not  adraiwih 
Hitherto  the  radius  of  curvature  was  determined  only  in  thw  visual  h4 
and  principally  in  the  horizontol  plune  (*ec,  for  the  method  followed,  p»  ij 
comparing  Fig.  75,  and  for  the  reanltJi  obtained<  p.  89) ;  and  In  iirder  to  1 

^the  radius  in  another  plane*  for  example  in  the  vertical   (a%  for  tlie  abo* 
Table),  the  head  was  simply  held  to  the  side.    It  is  evident  that  in  this  i 
no  reliable  results  were  to  be  obtained.     In  the  Jirst  place,  it  is  o^rtaia 
extremely  difficult,   if  not  impossiblci  with  any  ac'curocy,  to  give  the  h« 
precisely  the  desired  degree  of  inclination,  and,  in  the  second  plaee, 

I  visual  line  was  always  directed  simply  towards  the  ophthalmometer, 
was  therefore,  properly  speaking^  not  measured  in  the  plane  of  a  mer 
for  the  meridians  do  not  cut  the  visual  linci  but  the  axis  of  the  oornea^ 

A  proper  system  of  measurements  seemed  therefore  to  be  obtainable  oq 
if  it  were  possible  to  make  the  Lights  themselves  turn,  in  avertic4Ll  plane,  rou 
a  point  on  which  the  common  axi.^of  the  cornea  and  ophthalmometer  isdir 
in  order  by  so  doinsT  to  make  the  lights  shine  consecutively  iu  the  dilfen 
meridians  of  the  cornea,  while  a  corresf winding  inclination  is  given  to  the  gla 
plates  of  the  ophthaimometer.     To  attain  this  object,  a  vertioaLly-placed  ] 

Fig.  15a 


R,  to  whose  centre  the  aria  a*  a  of  the  ophthalmometer  stands  perpendicular. 
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the  i90QUot  of  two  bent  rimsf  r  r,  with  the  otitsidet  of  the  ling,  U«  in  1 
diiHKjticn  of  the  radii  of  the  ring.     To  one  of  the»e  copper-platea,  F,  al 

/,,  ii  attached  at  the  outside  ;  to  the  other  bar»  P,  are  fastened  t"Wo  i 
lauip»,  /,  at  the  out*ide,  l^  at  the  inside  (indicated  in  Fig.  156  aj  1,  2,  i 
3}  ;  each  lamp  is  covered  by  a  diaplirA^m,  d^  in   which  is  aa  opemng^j 
5*o  mm.  larg«,  and  is  movable  in  &  hoop.  »o  that  in  each  portion  of  I 
plates  it  assuntea  a  yertioal  direction,  turning  round  an  axis,  which 
exactly  through  the  middle  of  the  openings  mentioned.     Tha  lamps  ( 
filled  vrith  oil,  and  have  a  flat  wick,  the  flame  of  which  completely  illumifi 
the  whole  Burfuoe  of  the  openings,  «een  from  0.    Now,  in  every  poMiion  ( 
the  lamps  the  illumiuated  openings  maintain  anchangenbly  the  same  i 
tance^  namely,  from  w  to  f/  ^  144  o  mm.,  and  from  c/  to  «/*  =  M3*5  vm 
Of  course  the  two  plates  must  always  be  diametrically  oppjsite  to  eaok" 
other,  for  example.  P  at  120**,  and  P'  at  300*^,  as  in  Fi^,  167,     In  unler  to 
keep  the  flame  steady,  cases  op<^n  in  front  are  brought  around  the  laa 
and  when  the  latter  are   in  a  vertical  position,  a  flat  screen  is  held  1 
I  xontally  above  the  two  lower  ones,  in  order  to  prevent  too  great  heating  aad 
I  the  ftjtcent  of  the  current  of  air. 

As  baa  already  been  remarked,  the  axis  of  the  ophthalmometer  is  dirtcled 
I  to  the  centre,  c,  of  the  ring^^  and  at  the  same  time  to  the  centre  of  tlie  o^iemc^, 
|4n  front  of  whioh  the  observed  eye  is.     In  takinj^  the  observation  the  axiiof 
I'the  cornea  must  also  ooincide  therewith  :  therefore  the  lirst  thing  we  havf  to 
[do  is  to  inquire  what  point  the  visual  line  must  fix.     From  former  olvH?m- 
[tionfl  it  appeared  that  the  axiR  of  the  cornea  corresponds  nearly  t 
I  of  the  cornea  ;  we  now  seek  the  centre  first  in  the  horisontal  nieri  u 
Imethod  I'oUowed  by  Dr.  Doijer  and  myself  (compare  p.   186).     kr: 
purjioae  a  light  is  placed  directly  before  the  centre,  c  (Fig.  157),  of  tii*     ;  ., 
I  and  the  point  is  sought,  which  must  be  fixed  in  order  to  make  the  refleded 
I  image  of  this  light  correspond  precisely  to  the  middle  of  the  oomaa.     In 
I  order  to  find  that  point,  a  fiat  copper  arc,  whose  centre  of  curvature  ii 
[iiituated  in  the  nodal  point  of  the  eye  0  (Fi^.  156).  and  to  which  a  sig 
T,  is  movably  attached,  is  faiitened  on  the  oblong  table  in  c.     Now  U  l 
J  the  horizontal  meridian,  the  required  position  of  the  si^fht  is  found, 
[ophthalmometer  is  turned  90^  round  iU  axis,  and  it  is  thus  determined! 
I  what  direction  of  the  visual  line,  above  or  below  the  horizontal  plane^  the 
ledges  of  the  cornea  doubled  in  a  vertical  direction,  respectively  abov«  and 
[beneath,  reach  simultaneously  the  reflected  image  of  a  flame  placed  in  i 
lliorizontal  plane  next  the  axis  of  the  ophthalmometer :  the  direction  is  i 
rtermincd  by  moving  the  sight,  whioh  has  the  form  of  a  slender  crosa^ 
much  as  necessary  upwards  or  downwards. 

In  thi'  petition  of  the  sight  thus  found,  in  whose  fixation  the  axis  of  the 
ophthalmometer  coincides  with  the  axis  of  the  eomea,  the  radius  of  curvature 
is  in  the  first  place  determined  ;  and  to  ascertain  whether  the  radius,  thus 
m ensured,  actually  com^sponds  to  the  apex  of  the  ellipsoid  of  the  oomea,  the 
sight  is  moved,  consecutively  in  the  horizontal  and  in  the  vertical  plane,  an 
equal  number  of  degrees  (usuaUy  ten),  alternatt^ly  to  fach  side.  And  if 
it  now  appeared  that  in  the  twoplanea  with  equal  deviation  in  two  opposite 
directions  a  aimilar  radius  of  curvature  was  found,  it  wai  aasnnied  that  the 
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is  of  the  cornea  was  really  properly  directed.  But  if  the  difference 
louuted  to  more  than  was  to  he  explained  by  error  of  obserTatioc,  another 
lie^jtion  was  given  to  the  Bight*  until  repeated  meaeuremeDt  proved  the 
Wrectneas  of  the  position.  It  now  nppeart'd,,  that  in  the  horizontal  direo- 
m,  the  axis  of  the  cornea  uaually  passes  through  the  ocntre  of  the  Beotion 
the  comca,  but  that,  when  placed  verticallyp  a  deviation  in  this  respeet 
»t  unfrequently  oecura. 

AVith  this  determination  of  the  axia  of  the  cornea,  the  radius  of  the 
irvature  at  0*  and  at  90^  is  already  found* 

While  the  point  of  sight  contiuued  the  same,  aud  the  hearl  was  held  in  a 
Ttical  positton,  at  least  live  measurementa  were  now  further  made  in  each 
the  meridians,  at  intervals  of  15  degrees.  This  was  done  aimply  by  giving 
e  required  ioclinatiouB  aimultaneouisly  to  the  three  lamps  and  to  the  oph- 
almo  meter. 

The  magnitudet,  which  corresponded  to  the  degrees  found  on  the  ophthal- 
lometeri  had  already  been  previously  empirically  determined,  aud  thtuco 
le  rflMlii  of  curvature  were  now  calculated. 
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The  results  thus  obtained  with,  15  eyes,  are  to  he  fuiiiid  in  the  foregoing 
Tablu,  The  latter  requirts  eoiue  explanation.  The  dirtctiua  of  the  meri- 
dtau  of  maximum  of  curvature  for  the  eorneu.  il^,  commuDicated  in  column  G, 
was  estiinuted  from  the  observatious  contaiutd  in  column  F*  Before  the 
number  in  degrees  we  have  for  each  eye  indicated  its  direction  by  a  short 
stroke  :  while  the  broad  intervening  line  reprtjbenta  the  nuse,  lh«  direction  of 
Mc  in  the  right  eye  is  indicated  before,  in  the  left  behind^  the  said  line, 
by  the  slighter  short  stroke.  In  column  H  w^e  iiud  iiidiented  the  d'reoiion 
of  the  meridian  of  max iuiuui  curvature  determinLd  for  tliu  diopiiie  system  of 
the  whole  eye,  M,.,  For  tlif  determination  of  the  direotion  we  use,  according 
to  the  metfiud  above  p4iinied  out,  a  very  weak  cylindrical  glass,  whose  re- 
fjuired  position  waa  accurately  noted.  It  is  more  difficult  to  establish  the 
degree  of  the  astigmatism,  where  this  is  very  slight,  in  column  J»  we 
have  indicated  this  for  some  eyea,  in  which  we  were  oonvinced  that  sufficient 
accuracy  was  attained. 

From  the  Table  it  now  appears  :— 

I**.  That  of  fifteen  eyes  the  radius  of  onrvatnre  is  in  thirteen  lesa  in  the 
vertical  meridian  than  in  the  horizontal,  while  in  two  eyes,  Nos.  14  and  15, 
both  belonging  to  the  same  person,  this  is  uncertain.  The  measurements  in 
No.  14  were  made  by  Dr.  Middelburg,  and  in  the  absence  of  decisive  results 
with  respect  to  the  pusition  of  the  principal  meridians,  I  desired  that  Mr. 
Hamer  should  make  a  system  of  measurements  upon  the  same  eye :  now 
tliese  do  not  entirely  agree  with  those  of  Dr.  Middelhurg  ;  but  the  direction 
of  Mc  is  still  as  far  from  being  determined.  More<>ver,  on  the  left  eje  of 
the  same  person,  No.  15,  numerous  measurements  were  made  at  O''  and  HO**, 
in  which  the  average  varies  so  little,  that  for  thiii  eye  also  we  cannot 
with  certainty  decide  in  which  of  these  two  positions  the  curvature  is 
greater. 

2**.  In  harmony  with  1*,  we  iind  on  oaktilatiori  Mr  always  Jipproaehiiig 
more  nearly  to  90^"  than  to  0^.  Onty  iu  No.  3  did  we  find  135*,  which  is 
the  medium  between  90^  and  0*^  (or  180**).  The  directions  here  found  for 
Me,  show  plainly  enough  huw  little  right  we  have  to  seek  tlie  maximum  of 
curvature  exactly  at  90^.  We  here  find  a  deviation  in  each  direetion, 
about  such  as  1  found  for  aphakia,  where  the  direc^tiun  of  tho  aole  remain- 
ing astigmatism,  tb[it  of  the  eomea,  could  be  determined  so  aoourately  by  a 
point  of  light  (eumparu  Fig,  155). 

3**,  The  direelioD  of  the  astigmatism  for  the  whole  eyr,  M^,  was  found 
also,  in  must  cases,  nearer  to  90 '*  than  to  0*^  ;  only  Koa.  5,  l^i,  and  14  prti- 
lent  exceptions  in  this  respect.  In  No.  5  and  No.  13,  consequently,  Mo 
liAS  quite  a  different  direction  from  M^  ;  for  ^o.  14  M^  could  not  be 
determined.  Meanwhile,  where  M^  and  M^  were  both  nearer  to  DO" 
tlian  to  0",  their  directioua  still  often  differ  oonsiderably,  namely  from  3** 
(No.  12)»  to  58*'  (No.  6.). 

Henoe  it  now  appears,  that  we  have  no  right  whatever  to  consider  M,c 
and  M„  as  coincident.  Moreover,  apart  from  the  degree  of  M^,,  in  refer- 
ence to  Mo,  it  follows  that,  iu  normal  astigmatism,  the  crystalline 
lens,  too,  plays  a  very  decided  part.  When  the  direolions  of  Mo  and 
Mc  are  opposed  to  otie  another,  as  in  No.  5  and   No.  13,  the  crystalline 
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lens  muat  have  the  strongesl  influence.  Had  we  wished  to  oalculaie  Udi, 
it  would  bavQ  been  necessarj,  from  the  measuremeDts  in  twelve  meriditiii 
for  each  eye,  to  calculate,  accord! og  to  the  method  communicated  in  treating 
of  abtiurmaL  astigmatism^  both  the  values  Mc  and  A^e ;  furth^noorc, 
with  the  greatest  aecuracy  not  only  M„,  but  also  Ab^^  in  order  finally,  by 
rather  complex  fDrtnuloe,  to  be  eommunicat'Cd  in  speaking  of  abnormal  titi§^ 
matism,  to  calculate  what  direction  of  Mi  (meridian  of  maximum  eorrftti 
of  the  crystallina  lens),  and  what  degrt^e  of  As^  (astigmatism  of  the  crystaU 
lena),  should  be  capable  of  modifying  Me  and  Afc  to  M^,  and  As*,  But  we  1 
Ihoaght  well  to  omit  this  ealculationj  because  our  data  in  the  aligh 
degrees  of  normal  astigmatism  do  not  possess  sufficient  aocuracy  ttt 
give  much  eontidence  in  the  result  of  the  cdculation.  We  need  wow 
scarcely  remark,  how  far  we  are  from  being  able,  by  subtracting  the  asti|> 
matism  found  for  the  cornea,  frura  that  of  the  whole  eye,  both  only  in  i 
horijcontal  and  vertical  directions,  to  find  that  of  the  crystalline  lens, 

if  the  crystalline  lens  takes  part  in  regular  astigmatism,  it  may  do  i 
either  of  two  ways.  In  the  first  plaoe,  by  the  form  of  the  surfaces  of  c  _ 
vattiro :  tbeeo  might  very  well  be  elMpsoids  with  unequal  ajtes,  of  which  the 
maximum  and  minimum  nee<f  not  coincide  with  those  of  the  cornea ;  r^ 
spotino;  this,  however,  nothing  is  with  oerttiinty  known.  In  the  second  place, 
by  an  oblique  pos^itiun  of  the  lens,  which  would  have  acorrespondlDg  influence. 
That  this  inflnence  sometimes  exists,  at  least  in  higher  degrees  of  aalig- 
mattsim^  is,  as  shall  bereafler  appear,  directly  proved.  And  that  it  obtaiaa 
in  the  crystalline  lenses  of  my  own  eye»^  the  study  of  the  dififixsion- images  of 
a  point  of  light  have  convinced  me  :  before  and  behind  the  central 
the  focal  space  the  intersection  of  the  fasciculus  of  rays,  derived  from  i 
of  li'^ht,  has  precisely  such  divergent  forma  as  take  place^  in  an  obliq 
position  of  a  convex  lens,  upon  a  screen  ;  and  with  this  h  partly  connected  ( 
fact,  that  the  eye,  in  reduction  for  a  point  too  near  (not  by  accommodatifm, 
but  by  k'nses,  so  that  the  pupil  in  both  cases  maintains  an  equal  diameter^ 
sees  much  more  acciinitely,  than  in  reduction  for  a  too  remote  point:  in  the 
iirst  case,  although  the  ditfuaion-tmage  is  extended,  many  rays  continue  for 
a  long  time  to  form  a  much  clearer  nuoleus.  Partly,  too,  spherical  Qberra- 
tion  may  be  the  cause  of  it  (Conf.  irregular  aatigmathm). 

It  would  be  instructive  to  he  able  to  receive  rays,  refracted  at  tlii 
top  of  an  ellipsoid  with  three  unequal  axes,  on  a  screen.  As  this  is,  however, 
not  a  rotation -body,  it  will  scarcely  be  possible  to  grind  it  of  such  a  form. 
Btjt  we  may  obtain  nearly  the  same  by  combining  with  an  ordinary  spheri* 
cal  lens  a  cylindrical  one  of  mtieh  greater  focal  distance. 

Such  combinations  are  to  be  found  in  the  boxes  made  at  my  snggesti 
by  Nachet  and  Son^  of  Pari^,  fur  the  investigati»>n  of  astigmatism. 

Tlie  light  should  first  be  allow€*d  to  fall  on  the  symmetrica!  spherical  ] 
eparated  from  the  cylindrical  one  by  a  diaphragm  with  a  round  open 

I  a  cylindrical  lens  we  should  use  a  combination  of  two  plano-cylindritt 

'  knaes,  a  positive  and  a  negative  of  equal  foeal  distance  (lens  of  Stokes^  on^ 

of  which  can  turn  round  the  axis  of  the  case.     We  thus  obtain  the  effect  of 

»  single  cylindrical  lens,  whose  astigmatic  power  is  ^  0,  when  the  axes  of 

Mie  cylindrical  surfaces  of  curvature  are  parallel,  and  on  turning  to  90^ 


DISTURBANCES  OF  VISION. 


469 


ally  aftcends  tu  that  of  the  sum  of  tlie  two  lenses.  Bt  thus  oonneoting' 
ombiDed  cylindrical  with  the  sphG-Hetil  lens,  we  oan  nommunicate  to  it 
be  degrees  of  astii^tnatifim.  It  thtn  appears,  on  moving  the  screen,  that 
beal  interval  is  greater,  that  the  lines  bounding  it  are  longer,  and  the 
DCS  of  the  fasciculus  of  light  in  the  course  of  the  focal  interval  are 
Bater^  accordinpr  aa  the  oylitidrical  lens  is  stronger,  that  is,  as  the  aalig- 
itism  is  greater.  If  the  latter  be  slight,  we  still  obtain  in  the  focal 
^rvttl  tolerably  good  images,  which,  in  proportion  as  it  becomes  greatetp 
?es  way  to  snch  as  are  more  and  more  diffuse.  The  wliole  form  of  the 
Tracted  hutidle  of  light  is  rery  strikingly  seen  in  tobacco-smoke,  when 
e  solar  image  is  used  as  objeot. 

Sturm  assumed  that  the  focal  interval,  which  is  the  reeult  of  asymmetry, 
oald  make  any  accommodation  of  the  eye  for  different  distances  super- 
I0US.     This  opinion  no  longer  needs  refutation.     Its  inaccuracy  becomes 

tee  apparent  when  we  reflect^  that  the  focal  interval  for  the  dioptric 
m  of  the  eye  would  be  much  too  small,  to  contain  in  itself  the  whole 
nge  of  accommodation,  and  that,  were  it  long  enough,  the  acutenesa 
vision  would  suffer  considerably  by  thu  great  diffiiB ion-images,  as  in 
high  degree  of  astigmatism  is  actually  tlie  case.  But  thus  far  is  there 
ath  in  Sturm's  idea,  that  objects,  whose  distance  from  the  eye  differs  so 
-tie,  that  their  focal  intervals  still  fall  within  one  another,  are  seen  with 
Nirly  equal  distinctness.  The  accommodation-line  of  Czermak,  which  has 
sen  incorrectly  connected  with  the  length  of  the  rods,  is  to  he  explained  in 

Kway :  it  depends  upon  the  asymmetry  of  the  refracting  system  of  the 
and  is  a  function  of  the  length  of^the  focal  interval. 
I  have  indicated  as  an  effect  of  asymmetry,  that  the  posterior  focus  in  the 
eridian  of  greatest  curvjiture  is  least  remotfl  from  the  cornea,  in  that  of 
ightest  curvature  is  most  so.  To  this  evidently  corresponds  a  difllrence 
position  of  all  the  oardinal  pofnta.  In  treating  of  high  degrees  of  astig- 
atiam,  we  shall  revert  to  this  fact  and  to  ita  consequences  with  respect  to 


^85.  Disturbances  and  Phenomena  in  Hum  Dkgukbs  of 
Astigmatism. 


?e  have  seen  that  a  certain  degree  of  regular  astigmatism  occurs 
PbII  eyes,  and  therefore  caonot  be  considered  as  abnormal.  We  do 
at  call  it  abnormal  until  it  attdns  to  such  a  degree  that  the  accu- 
\Cf  of  vision  perceptibly  suffers  from  it.  For  equal  lengths  of  tlte 
►cal  interval,  tliiss  is  the  ease  sooner,  in  proportion  us  the  pupil  is 
rger.     Our  obscrvntion?  should  therefore  be  ttiade  with  an  average 

I  of  the  pupil,  under  sufficient  illumination. 
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L  The  disturbance  manife^  itself  first,  when  stripes  of  diflerent 
directions  lying  in  the  same  plane  have  to  be  distinguished.  If  these 
stand  far  from  one  another,  the  accommodation  usuall?  regulata 
itself  aimoist  involuntarily,  in  order  to  see  them  acutely  alteraalelj, ' 
and  the  distnrbanc*  may  still  be  unobserved-  If  they  are  dosp 
to^ether^  the  diffusion-images  of  the  one  direction  fall  over  the  do- 
fini  d  imager  of  the  other,  for  which  the  subject  is  accommodaterl, 
and  confusion  ensues.  In  most  capital  Eoman  letters  this  ? 
occurs. 

Now  in  the  most  accurate  accommodation,  with  or  without  spheri- 
cal glasses,  the  eye  never  has,  with  abnormal  a.stigmatism,  in  deter- 
mination with  letters,  S  =  I.  It  not  un frequently  descends  to 
S  :=  J.  If  S  —  J  the  thsturbance  is  already  the  source  of  consider- 
able inconvcm'ence. 

2.  There  exists  a  certain  indifference  for  spectacle-glasses  of  nearly 
equal  power.  It  is  impossible  to  make  a  definite  choice.  Glasses  of  J 
and  of  4  are  funnd  to  Ije  equally  good.  In  diminished  acuteness  of 
vision,  proceeding  from  other  eaiL^e*?,  this  indifference  does  not  e^iiM, 
or  at  least  it  is  present  in  a  much  less  degree.  This  phenomenoa  I 
led  me  long  ago  to  suspect  I  hat  the  diminished  acuteness  of  vision,  | 
often  peculiar  to  hypernietropiii,  might  be  dependent  on  abnormal  i 
astigmatism.  The  phenomenon  finds  its  explanation  in  the  long  ■ 
foral  interval,  whose  sections  as  difTusion  -  images  are  nearh  " 
equally  disturbing,  and  in  whose  ranecj  with  moderate  diffe- 
rence of  glasses,  the  retina  easily  maintains  its  position  (compare 
p.  453}. 

3.  The  diffusion-image  of  a  point  of  light  alters,  in  modification  of 
accommodation,  not  only  in  size,  but  also  in  form.  Only  when  the 
middle  of  the  focal  spaec  corresponds  to  the  plane  of  perception  is  the 
image  nearly  round;  in  every  other  s tote  of  accommodation  it  is  ex- 
tended in  one  or  other  direction,  lliis  is  already  the  case  in  the 
ore H nary  degree  of  regular  astigmatism,  as  we  have  seen,  but  at  high 
degrees  thereof  it  \s  particularly  striking.  In  such  we  soon  find  a 
spherical  glass,  with  which  a  point  of  hght  at  a  distance  exhibits  itself 
18  a  stripe  of  light,  and  at  the  j^ame  time  a  modifying  spherical  gla^ 

whether  positive  or  negative),  which,  placed  before  the  first,  makes 
he  stripe  of  light  assnme  a  precisely  opposite  direction.  In  the  required 
Arength  of  this  modifying  glass  we  possess  a  means  of  determining 
lihe  degree  of  astigmntism*  By  the  alteration  of  direction  of  the  stripe 
^  light,  on  alternately  placing  the  second  glass  in  front,  astigmatics 
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are  especially  impressed -■*^' — He  wlio  1ms  sufficient  control  over  his 
accoroinodatioTi,  T^ithoufe  using  a  modifying  lens^  can  yoluutarily 
pioduce  similar  changes  of  form  of  tlie  diffusion-images. 

4.  The  influence  of  the  direction  of  stripes  on  tlieir  flistinctness 
is  exceedingly  great.  The  strongest  contrast  is  afforded  bv  stripes 
corresponding  to  the  direction  of  the  lines  of  light  described  under  3, 
which  rarely  deviate  much  from  the  vertical  utul  horizon taL  It  de- 
pends upon  the  state  of  refraction  in  the  different  ineridi.nnsj  which  of 
these  shall  exhibit  themselves  most  distinctly  at  a  distance;  but  it  is 
ea^y  to  find  the  positive  or  negative  spherical  glass,  whereby  either 
the  first  or  the  last  are  accurately  seen ;  tbe  greatest  indistinctness  of 
the  stripes  will  correspond  to  the  opposite  direction.  It  is  now 
also  easy  to  find  a  modifying  lens,  with  whirh  these  last  become 
defined,  and  the  first  attain  the  highest  degree  of  indistinctnesH.  The 
higher  the  degree  of  astigmatism  is,  the  greater  will  be  this  indis- 
tinctness, and  the  stronger  must  be  the  lens.  The  alternating  distinct- 
ness of  the  stripes  of  opposite  directions,  on  applying  and  removing 
the  modifying  glass,  is  very  striking  even  in  slighter  degrees,  while 
on  a  line,  which  cuts  the  two  opposite  stripes  at  an  angle  of  45^,  it 
has  sc4ircely  any  influence. 

5.  If  the  stripes  of  dilTerent  directions  consist  of  short  hnes  as  in 
the  annexed  Fig.    (15S),  these  at   a 

certain  distance  coalesce  for  all  e^/i%  ^^" 

and  we  therefore  see  only  the  princi- 
pal stripe.  On  drawing  near,  tlie 
strongly  astigmatic   eye  observes  the  n| 

transverse  lines  much   sooner  in  the  ^h 

stripe  whicli  is  most  feebly  seen,  than  5J| 

in  the  clearest.  ■■ 

6*  Lines  of  equal  length  in  the  two  ^J 

opposite    directions    do    not    appear  ^J 

equally  long,  and  this  gives  rise  to  the  ^^ 

incorrect  estimation  of  the  form  of  the  ^H 

objects :  a  square  exhibits  itself  as  an  ^^ 

oblong. 

•  The  atripts  follow  the  lateral  inclioation  of  the  h^atl— n  fresh  proof  that 
tbe  vertical  toeridimn  of  the  eye  aasumea  the  eame  incliDation  as  the  head» 
and  by  no  means  remains  vertical,  in  consequence  of  turning  round  the 
visual  axis,  as  formerly  asanmcd  by  Hneck.  This  we  cnn  likewise  obscrre  in 
the  lines  of  the  difTusion-image  of  a  point  of  liglit  (  JWslngen  ett  Mvcleth^ 
Ungea  van  de  Kon.  AcatL  van  Wetenschappen,  IBGl,  II.  x.  [h  192)« 
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Here  two  different  causes  come  into  pky.  In  the  first  place,  io 
accurate  accoiinnodation,  successively  for  erect  and  recumbent  liii«, 
those  situated  in  tlie  meridian  of  greatest  curvature  (in  general  the 
erect  lines),  fur  equal  lengths,  form  longer  images  upon  the  retiiuL 
The  cause  is  to  he  sought  in  the  position  of  the  nodal  pointa^^  w 
mtber  of  the  second  nodal  jwint.  The  farther  this  point  (relativelT 
to  I  lie  optical  centre)  lies  from  the  retina,  the  larger  will  the 
retinal  image  be,  and  as  the  cause  of  astigmatism  con^sts  chieflr  in 
a  dilference  of  curvature  of  the  meridians  of  the  cornea,  the  noJsl 
point  lies  more  anteriorly  in  the  meridian  of  greatest  curvature. 
In  strong  at^tigmati^m  tliis  difference  may  amount  to  more  than  one 
mm.,  that  b,  about  tj  of  the  distance  between  the  second  nodal 
point  and  the  retimi,  - 

In  the  second  place,  diffusion  is  to  be  taken  into  oonsider&tioiLS 
If  a  vertical  line  be  acutely  seen,  a  horizontal  line  presents  a  dif.  T 
fused  appearance  :  it  seems  broader.  Now  the  superior  and  infenor 
boundaries  of  a  square  may  be  considered  as  horizontal  lines  :  conse- 
quently, when  the  eye  is  accommodated  for  the  vertical  limits  of  the 
square,  the  latter  appears  larger  in  the  vertical  dimension.  As^ 
moreover,  on  account  of  the  difference  of  position  of  the  nodal  pointj^: 
the  distinct  image  is  in  this  direction  already  greater  than  in  the 
horizontal,  so,  in  accommodation  for  the  vertical  boundary  of  a  square^ 
must  the  latter  for  a  double  reason  appear  higher,  and  the  difference 
between  height  and  breadth  becomes  considemble.  On  the  other 
hand,  when  the  eye  is  accommodated  for  the  horizontal  boundarvi 
diffusion  makes  the  square  appear  broader,  and  may  thus  compensati 
for  the  effect  of  the  difference  iu  position  of  the  nodal  points. — The 
effect  of  diffusion  here  described  obtains  in  looking  at  a  clearly 
illuminated  square  upon  a  dark  ground;  it  is  inverted  in  the  case  of 
a  dark  square,  observed  upon  a  brightly  illumined  ground. 

7.  The  acuteness  of  vision  is  very  considerably  improved  by  looking 
through  a  slit  of  from  one  to  two  milHmetres  iu  breadth.  lo^M 
these  experiments  the  stenopieic  apparatus  may  be  employed,  the  slit" 
of  which  can  be  narrowed  and  widened  at  pleasure  {p.  129).  The 
improvement  in  the  power  of  vision  is  greatest,  when  the  slit  is 
held  in  the  direction  of  the  maximum  or  minimum  of  curvature, 
which  may  have  been  ascertdned  from  the  direction  in  which  the 
diffusion-image  of  a  point  of  light  is  drawn  (compare  No,  S),  The 
+hcn  coincides  with  a  principal  sect  ion,  passing  through  two 
the  ellipsoid*— ^fhe  improvement  of  the  acuteness  of  vision,  in 
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looking  through  a  slit,  ia  a  very  sigoificant  phenomenon,  It  affords 
a  diruct  proof  that  the  rays,  refracted  in  thi'  nieridmn  of  one  of  the 
principal  sections,  unite  nearly  in  a  point,  and  that  con.^equently  the 
existing  disturbance  of  vision  depends  on  asymmetry.  What  is 
more,  we  can  determine  the  difference  of  the  state  of  refniction  in 
the  meridian  of  the  maximum  and  minimum  of  curvature  in  the  way 
de?crihed,  with  the  aid  of  spherical  glasses,  as  shall  be  more  parti- 
cularly described  in  the  following  chaptx^r. 

It  is  also  instructive  that,  in  looking  through  a  slit,  not  coinci- 
dent with  one  of  the  principal  sections,  the  objects  are  drawn  out, 
partly  because  circle.^  of  di (fusion  still  easily  remain,  which  are 
elongated  in  the  direction  of  the  slit,  partly  because  all  the  normals 
of  a  meridian,  laid  through  only  one  axis,  do  not  lie  in  one  plane, 
and  consequently  all  the  refracted  rays  do  not  continue  in  the  same 
plane. 

8.  In  high  degrees  of  astigmatism  t!ie  phenomena  of  dispersion 
are  very  pecuh'ar,  Ilelmholtz*  observed  that,  in  general  they 
are  much  more  distinct  when,  instead  of  white  light,  such  light 
is  employed  in  the  investigation  as  consists  of  only  two  prismatic 
colours  of  the  greatest  possible  difference  in  refrangibility.  Such 
light  h  most  simply  obtained  by  causing  sunlight  to  pass  through 
dark  violet-coloured  glasses.  These  glasses  absorb  the  middle  rays 
of  the  spectrum  tolerably  perfectly,  and  transmit  only  the  outermost 
colours,  red  and  violet. — In  experimenting  with  the  light  of  a  lamp 
or  of  a  wax-ciindle,  a  dark  blue  cobalt -glass,  which  transmits  only 
the  extreme  red,  with  indigo  and  violet  in  large  quantity,  is  quite 
sufficient.  A  more  or  less  violet  tint  is,  however,  also  preferable.  Profes- 
sor Dove  showed  me  an  excellent  thick  piece  of  glass  of  this  nature; 
the  glasses  I  had  hitherto  been  able  to  procure  must  all  give  way  to  it. 
On  looking  with  slight  myopia  (or  accommodation  for  a  near  point) 
through  sucli  a  cobalt -glass  towards  the  flame  of  a  candle,  its  edges 
are  blue,  and  the  centre  reddish ;  in  shght  hypermetropia  a  beautiful 
red  border  is  seen  around  the  candle  and  the  centre  is  hlue.f  On 
looking  through  a  violet-glass  at  a  small  opening  in  a  dark  screen 
turnrd  towards  the  daylight,  we  see,  in  accommodation  for  the  violet 
rays,  the  opening  surrounded  bj  a  red,  in  accommodation  for  the 

•  Physiohffuiche  Oplik,  L  c,  p,  1 27. 

f  Slight  degrees  of  ametropia  are  immediately  distioguishable  by  this 
means.  In  high  degreeji  the  diflfiiaion-i mages  are  too  large,  to  enable  us  to 
observe  the  difference  oi  colour  with  equal  distinctness. 


Tm  astigmatism;  ^^m 

red  we  see  it  surrounded  bj  a  violet  margin:  in  the  lattec^^| 
the  violet  rays  have  not  yet  corac  to  a  focus  in  tJie  retinal  ima^OH 
the  former  the  red  liave  already  intersected,  and  are  therefore  on  the 
outside;  a  square  opening  is  skirted  in  like  manner.  If,  on  the 
contrary,  an  astigmatic  person  set^s  such  an  oj^ening  as  aeutely  as 
possible,  and  if,  on  the  violet-glass  being  then  pushed  before  his  eye, 
blue  margins  appear  at  the  superior  and  inferior,  and  red  at  the  twD 
vertical  edges,  the  subject  is  shown  to  be  myopic  in  the  vertical,  and 
hyperaietropic  in  the  horizontal,  meridian.  If  he  sees  the  poiat  of 
light  drai^Ti  out  to  a  line  (see  under  No.  3  of  this  Section),  the 
extremities  and  middle  of  the  lioe  are  of  different  colours,  and  on 
altering  the  direction  of  the  linea  of  light  by  the  modifying  lens,  Qn 
colours  also  change.  ■ 

All  the  aborc  phenomeoa  we  may  observe  in  ourselves.  The  only 
thing  necessary  for  this  purpose  is  to  make  the  eye  astigmatic,  mi 
this  is  effected  by  holding  a  cylindrical  lens  before  it  The  axis  of  the 
cylindrical  cur\^ature  should  by  preference  be  ])laced  horizontally  if 
the  lens  be  positive,  vertically  if  it  l>e  negative :  the  observer  then  ob- 
tains in  his  eye  the  shortest  focal  distance  in  the  verticsal  meridiaDf 

just  as  astigmatics  generally  do.     A  cylinder-glass  of  Sh  ^^  ~  oTi 

(20'  focal  distance,  positive  or  negative)  is  sufficients  We  mar 
therewith,  by  adding  or  not  adding  spherical  glasses,  combine  every 
degree  of  ametropia;  the  astigmatism  always  remains  (apart  from  the 

origiually  existing  asymmetry)  —  — .  To  obtain  in  one's  ow^n  per- 
son a  simple  and  often -occurring  case,  we  should  make  the  horizontjil 
meridian  hypermetropic,  with  emmetropia  of  the  vertical.  An  emme- 
tropic  individual  needs  to  this  end  only  to  hold  before  the  eye  a 

cylindrical  lens  of  —  ;^^  with  the  axis  of  the  cylinder  perpendicolar. 

But  it  is  useful,  subsequently  to  experiment  also  with  ametropia 
artificially  produced  in  both  meridians. 

It  appejirs  superfluous  to  give  further  indications  for  the  trials  to 
be  made.  All  the  above-described  phenomena  the  observer  will  be 
able  without  trouble  to  repeat.  Two  remarks  only  may  be  added: 
the  dispersion  has  appeared  to  me  to  be  greater  in  such  artificial 
astigmatism  than  in  the  natural,  and  the  dilFerenee  in  the  size 
of  the  retiTial  images  in  the  two  principal  meridians  is  more  coa- 
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liderable.  The  explanation  of  the  first  of  these  facts  would  lead  me 
far*  The  reason  of  tbc  second  is  evident :  the  cylindrical  lens  is, 
fact.,  at  some  distance  from  the  cornea,  and  its  action  here  exer- 
cisea  more  influence  on  the  position  of  the  nodal  points,  than  if 
by  moditication  of  the  corneal  radiu?,  the  posterior  ibcus  had  been 
equally  displaced.  Objects  are  therefore  seen  more  drawn  outj  than 
in  natural  astigiaatism  of  like  degree. 

Where  regular  astig-mtitism  exists,  it  in  rt^quinitet  bi  order  to  answer  a 
number  of  questiona,  to  determine  the  cardinal  points  in  the  two  principal 
meridians,  as  if  they  formed  two  difteront  systems.  In  the  followin|f  1  shall  ] 
try  tliisfora  j^vencaae.  Let  lis  suppose  an  instance  where  the  cause  of  the 
astij^iatism  Ues  exclusively  in  the  cornea,  the  radius  of  enrvature  of  which 
in  the  vertical  meridian  in,  an  not  nn  frequently  occurs,  1  mm.  shorter  than 
in  the  horizontal.  Let  us  take,  to  keep  to  a  given  ease,  No.  6  of  the  Tahle 
in  my  tirst  treatise  on  astig^matisni,  where  the  radius  in  the  vertical  plane 
amounts  to  7-38,  that  in  the  hori7.ontal  to  8  38  mm.  :  let  the  section  in 
the  vertical  plane  be  y;  that  in  the  horizontal^  n. 

For  the  refracting  surface  of  the  eomea  alone  the  cardinal  points  are 
easily  detenniucd:  the  principal  point,  A,  lie«  in  the  apex  of  the  plane  of 
curvature*  the  nodal  point,  A',  in  the  centre  of  curvature  of  the  apex  (respec- 
tively 7*3^  and  S'.*JS  mm.  behind  the  apex) ;  while  the  positiotn*  ot'tlie  anterior 
focws  f\  and  of  the  posterior  focus  ^*  nve  ralculated,  according  to  the  for- 
mula— 

h  6'  or  F'  = -, 

n^  1 

A/orF'=^^, 

u  -^  I 

by  which,  n  being  oflsumcd^  1-3365,  we  Jinti 

^^^°!p'^33  28 

Thua  the  distances  h  f/  and  h  tp'  fure  found.     In  Fig.  159  (in  which  e  is 

Fig.  13JJ. 
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the  cornea)  the  ascertained  positions  of  the  cardinal  pointa  are  represented. 
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A  simple  calculatioTi,  given  at  p.  461 »  sbows  that  in  thi«  cajie  «n  infiniUly 
tMn  cjUndrical  lena  of  J-,  with  a  vertical  position  of  the  axis  placed  im^ 

medkU»lj  at  the  coroea*  cirn  make  the  cardinal  points  in  the  two  meridkBi 
coincide. 

With  this  cornea  let  iw  now  combine  a  Bj^mmetrieal  crystalline  leii»(thil 
of  the  ideal  eye  of  HelraholtR  at  rest)  with  focal  distance  ==  43707  miiL,i^ 
eipmiul  distance  of  its  two  principal  points*  =  0*2283,  and  diKtanc^  of  tW 
prinoipal  points  from  the  apex  of  the  cornea  =  5-7073  and  5*9356,  Tit 
calculation  of  tlie  combined  system  gives  for  the  position  of  the  cardinil 
point'*,  reckoning  from  the  apex  of  the  oornea,  in  the  two  principal  oiefi- 
dians  h  and  v,  the  foUo^nng  reflulu  :■ — 

Anterior  focus  -----* 
First  prinripul  point  *  -  -  - 
Second  principal  point  -  -  - 
First  nodal  point  -  -  -  -  * 
Second  nodal  point  -  .  »  - 
Posterior  focus  ^  -  -  -  -  ♦ 
Consequently, 

the  posterior  focal  diatance  F'  =  h*  ^* 
„    anterior      ,,  ,»        F'  ^  //  if>* 

In  order  to  represent  the  uyatemii  diagramatieallj,  I  here  add  Fig.  100, 
hbowingp  for  H  and  v  :^ 

1.  The  cardinal  puiota  of  the  cornea  j 
IL  Thoiic  of  the  crvBtalline  lenaj 
III.  The  united  dioptric  system; 
and  Fig  161,  in  which  No.  Ill  of  H  and  v  stand  one  under  the  others  of 
double  size,  and  are  more  easih'  compared. 

The  knowledge  of  the  cardinal  points  ]dace8  us  in  a  position  to  be  abk 
to  invrstig^atc  the  vinion  of  astigmatic  individuals  in  more  than  one  respect. 
In  the  firat  place,  as  concerns  the  acutcness  of  vision,  in  H  f*  liea  1"58 
ram,  behind  ^"  of  v.  Therefore,  if  rays  proceeding  from  a  given  point  hate 
come  to  a  focufl  in  v,  in  H  thcr  arc  still  168  mm.  from  their  focua^  It  is 
evident,  that  the  acuteness  of  vision  must  thcnee  suffer  very  muclu  A  nwrt 
definite  representation  of  this  la  obtained  from  the  magnitude  of  the 
ditfusion-images.  We  have  them  calculating  (compare  Helmholta'  method, 
/,  c,  p.  98),  at  an  avcroge  size  of  the  pupil  of  4  mm.  (corresponding  to  a 
magnitnde  of  it«  leziticulai*  image  :=  4 -23  mm*),  and  a  poattion  of  the 
plane  of  the  pupil  nt  3  (i  ujm.  (that  of  Ha  lenticular  image  3*713)  behind 
the  apex  of  the  cornea.  If  the  retina  lies,  in  ^'*  of  v,  nt  21*26  mm.  hehind 
the  cornea,  pnniUel  incident  ray«,  converging  in  v,  come  to  a  focus  on  the 
retina,  wliile  those  converging  in  H  reach  the  retina  at  158  mm*  heforr 
their  point  of  union.  For  their  diiiiision- image  on  the  retina  we  found  a 
length  of  0-3494  mm»,  corresponding  in  this  meridian  to  a  viinal  angle  of 
r24'2. 

klf  the  retina  Hcii  in  ^"  of  h,  at  22- 1423  hehind  the  retina,  then  tlie  rafs 
converging  in  V  have  already  intersected  at  1*58  mm.  in  finont  of  the  retina, 
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and  in  the  diameter  and  position  of  the  pnpil  assumed  ahoTe,  the  diffusion- 
Fig.  160. 
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image  is  then  =  0*3808,  corresponding  in  this  meridian  to  a  visual  angle  of 
1^25'-7. 

Finally,  when  the  retina  lies  at  22'018  mm.  hehind  the  apex  of  the  cornea, 
the  linear  difi\ision-images  in  v  and  H  are  equal,  amounting  to  0*18222  ram. 
In  this  position,  therefore,  the  retina  receives  that  part  of  the  focal  inter^•al 
where  the  diffusion-image  is  nearly  a  circle.  The  diameter  thereof  exhihits 
itself  in  the  horizontal  meridian  under  an  angle  of  41'-8,  in  the  vertical  imder 
an  angle  of  43'-4.    If  we  hear  in  mind  that  in  perfect  acuteness  of  vision 
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Ictt<>r8  arc  reco^isc'd  under  an  angle  of  5',  we  can  form  an  idea  to  whAt  m 
extent  the  circles  of  diflusion  mentioned  most  interfere  with  correct  sight 

We  Bholl  obtabi  a  »tiU  better  point  of  comparison  by  calculating  tlie  «r- 
commodation  required  to  moke  ^ "  of  H  fail  where,  in  the  eye  at  reat,  f  *  ii 
found  in  Y ;  in  other  wordSf  to  see  with  acuteneisa  alternately  vertiad  tid 
horizontal  lines. 

Let  US  suppose  the  eye  emmetropic  in  V  (the  retina  lying  at  21^2623  unu 
behind  the  ajK-jc  of  the  eomca)  and  consequently  liypemietropic  in 
let  xm  find  that,  to  neutralist*  this  dti^rce  of  hypermetropia^  a  lem*  (s 
in  tile  air,  ita  nudal  jwint  coinciding  with  k'  of  h)  of  176*8  mm-  :=1 

focal  distance  is  required,  consequently  that  there  is  hypt  rmetropia  of  ^ 

capable  of  bcbg  counteracted  by  an  accommodation  of  —~.     But  now  the 

same  accomniodatioD  necessarily  takes  place  in  V,  whereby  for  this  plane  P 
becomes  ^  12-857  mm,  and  F'  ^  17*183  mm*,  and  horixoutal  lines  appear 
distinct  at  the   distance  of  176  8  mm»  ^  ti*j3'.     While,   thenpfofe,  by 

accommodation  of  ^—  ,  h  became  emmetropic,  v  assumed  a  myopia  of  — --^» 

0'03  &94 

Hence  it  may  be  deduced,  that  in  an  accommodation  of  about  -—  the  re- 

tin  a  corresponds  to  the  middle  of  the  focal  interval,  the  difBisiou-iiaa^ 
being^  a  circle  of  difl'uaion  of  about  the  siimo  magnitude  «s  a  symmctria 
eye,  accomnimlatc^d  lor  x,  perctivcs  of  an  object  placed  13'  from  the  cjn 
or,  when  accommoduted  for  the  dihtancc  of  13%  sees  of  infinite ly 
object**.    By  looking  at  distant  objects,  while  the  eye  is  by  glasses  rend 

myopic  or  hypermetropic  (and  in  the  latter  case  refraining  from  teosioD 

la 

of  accommodation),  we  can  observe  in  ourselves  tlie  disturbance  proceediag 
from  the  circlcti  of  diffusion  already  mentioned*  Obtained  in  this  mann< 
it  appear**,  however,  to  be  somewhat  grcuUT  than  in  astigmatics,  which 
partly  to  be  ascribe  d  to  this,  tliat  the  latter  by  aome  ploy  of  accom modal 
can  make  the  diffusion-iniiigra  alter  their  form  and  combine  the  vertii 
aud  horizontal  lines  thus  alternately  more  distinctly  perceived.  Mnreov 
the  light  is  less  uniforaily  distributed  in  the  diffusion- images  of  astigmal 
individualK»  and,  m  fact,  more  advantaj^eously  in  the  posterior  [mrt  of 
focal  intcrvuL  In  general,  too,  the  ditfuHion-iinages,  on  account  of  their 
ooQtiiiuity  (the  result  of  the  irregular  astigmatism  of  the  crysttiUiuc  leas), 
may  cause  leas  disturbance  than  .should  be  the  case  if  they  were  homogcnt 

As  has  been  above  reniurked,  the  retinal  images  are,  for  like  dim^ 
sions  of  the  objects,  not  of  equal   iiiagiiitude  in  a  horizontal  and  vei 
direction.     If  the  projection  corresponds  in  all  meridians  to  the  magnit! 
of  the  retinal-imiiges   (which  is  doubtful),  like  dimensions  of  the  obji 
do  not  apiK.'ar  equally  large  in  the  opposite  meridian^}.     The  magnitude 
the  retinal  linages  in,  now  that  we  liave  become  acquainted  with  the  pt«i 
tion  of  the  cardinal  points,  easily  compared.     As  the  dl>>tance  of  the  objcci 
is  very  considerable,  relatively  to  the  reciprocal  distances  of  the  nodal  poL 
and  to  the  distance  k*  ^',  we  may  assume  that  the  magnitudes  of  therftii 
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inittgt?a,  in  altemate  aceomniod«tion  in  tho  two  principal  meridiniis,  are 
proportionate  to  the  distances  A'  f'  in  H  tind  in  v.  Supposing  that  the 
retina  lies  22*8432  mm,  behind  the  cornea,  the  distaneesi  k^  ^"  in  the  two 
•ysteraswill  be  H  241  and  L^-268,  therefore  ^  1 :  1072L  In  thm  it  ia 
•Beamed  that  k'  in  the  accomiriodation  eontinuea  bontid  to  itn  place,  which 
ij»  nat  indeed  exuetly  correct,  but  yet  involves  no  inaccuracy  of  importance. 
The  difference*  therefore,  in  the  two  principal  meridians,  of  the  magnitude 
of  the  retinal  ima^ea  for  equal  dimcuaionn  of  the  cdijcets  seems,  in  aceu- 
rate  aeeommodation,  to  be  coiii»idcrahk\  That  with  this  the  change  of  the 
magnitudes,  another  de{>endiii^  on  the  diffusion-inmgei*  may  be  combined 
(either  increasing  or  compensating  the  difl'erence)|  han  been  already  above 
stifficientlj  explained. 


§36,  Diagnosis  of  Abnormal  As  riGAiATtsM,  and  Dkterjuination 

OF   ITS    DjiCJliEE. 


In  the  pheDomena^  of  which  the  preceding  section  i^^ave  a  rcYiew, 
the  dia^'iiosis  of  asti^nnatism,  and  even  the  determioation  of  its 
degree^  is  ahready  included.  It  appeared  to  me,  however,  not  super- 
fluous to  examine  the  methods  of  investigation  tlience  dtM^^lucible, 
with  refereDce  to  their  value  and  utihty,  and  to  indicate  the  course 
whicli  leads  easilj  and  certainly  to  satisfactory  knowledge. 

In  the  anoioaly  under  consideration,  the  subjective  exauiinatioii 
first  presents  itself.  Iti  the  acutenes^  of  %dsion  under  diHerent  con- 
ditions, we  tind  the  desired  indication.  Of  this  I  shall,  therefore,  in 
the  first  place  treat.  Finally,  I  i^huU  briefly  point  out  the  objective 
signs,  which  may  cause  the  existence  of  astigiiiatisni  to  be  suspected, 
or  even  diagnosed  with  certainty. 

A,  Stthjt;citve  hivediifafion,—Al/sence  of  the  normal  aattenesa  of 
mtion  supplies  the  first  indication.  If  the  disturbance  lia$  existed 
from  youth,  almost  unaltered  and  in  equal  degree,  without  striking 
variations,  there  is  reason  to  su:?pect  that  astigmatism  is  the  cause. 
It  ia  even  exceptional  to  find  this  suspicion  refuted  by  investigation* 
If  the  practitioner  choose,  a  few  questions  nmy  be  put,  as  to  the 
distinctness  of  horizontal  and  of  vertical  lines,  at  a  greater  or  less 
inclination  of  the  head.  Much  time  should  not,  however,  be  lost  in 
doing  so,  but  recourse  should  be  had  to  the  systematic  investigation. 

1.  In  every  diminutiou  of  acutenessof  vision,  we  begin  by  deter- 
mining its  degree  (see  p.  188).  We  must  remember,  that  in  high 
degrees  of  myopia,  for  more  than  one  reason,  perfect  acnteness 
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vision  13  usunlly  not  met  with-    A  certain  amount  of  imperfccfireff 
m^'opia^  therefore,  affords  less  reason  to  suspect  abnormal  asiignu- 
tism.     Nevertheless  the  trial  should  be  made.  ■ 

2,  Let  then  iro|>erfeet  acuteness  of  vision  be  found.  fTe  mJ^ 
mm  first  determine,  in  what  direct  Iqu  the  principal  meridians,  that  is 
ihe  majpimum  and  minimum  of  curvature,  are  nitmted.  For  thU  par- 
pose  we  make  use  of  a  remote  point  of  light.  In  mj  consultatioiJ- 
room  one  of  the  wiodow*pane«  is  of  dull  glass.  In  front  t»f  ^ 
centre  of  this  glass  is  a  black  board,  »3a  centimetres  {13'77  1 
inches)  square:  in  the  middle  of  the  board  is  a  perforated  uu  — 
plate,  before  which  a  diaphragm  can  be  pushed,  with  openings  cf 
from  4  to  10  mm.  in  diameter.  Tbe  patient  should  now  be  directed 
to  look  towards  an  opening  of  from  2  to  4  millimetres  in  diameter^ 
at  a  distance  of  from  10  to  15  feet,  while  by  means  of  glaeises  we 
cause  shght  myopia  to  alternate  with  hypermetropia  (compare  p. 
470).  Even  in  the  normal  eye,  an  extension  of  the  diffusion^image 
is,  on  this  examination,  usually  observed  in  two  opposite  directions, 
indicating  the  maximum  and  minimum  of  curvature.  But  in  ab- 
normal asstigmatism  this  is  particularly  striking. — Subsequently  I 
found,  that  we  obtain  a  still  better  result  by  determining  in  wbit 
direction  of  the  axis  of  the  most  neutralising  cylindrical  glass  tk 
patient  sees  best, 

8.  We  have  thus  ascertained  the  direction  of  the  principal  meri- 
dians. We  should  now  examine,  v?hefher  the  ra^i,  belon^n^  ta  them^ 
form  more  avcurate  imn^es  than  those  from  the  whole  r^meA^ 
surface*  For  this  purpose,  we  should  hold,  succe-ssivelj  in  each  of 
the  princi]>al  meridians,  the  slit  of  a  stenopieic  apparatus,  set  to  the 
breadth  of  1  or  2  mm,,  and  ascertain  whether  the  acuteness  of 
vision  be  thereby  increased.  If  not,  we  should  then  try  the  addition 
of  ordinary  positive  and  negative  glasses,  for  the  employment  of 
which  we  shall  already  have  found  opportunity,  in  the  examiuatioQ 
mentioned  under  1.  If,  even  with  the  aid  of  these,  no  greater 
acuteness  of  vision  be  obtained,  than  existed  without  the  use  of  tlMta 
slit,  it  is  almost  certain  that  astigmafisin  is  not  to  be  considered  ^H 
tlie  cause  of  the  distnrhunce.  Only  when  the  degree  is  slight,  th^ 
acuteness  of  vision  still  amounting,  for  example,  to  j,  can  the  result  be 
unccrtjiin ;  on  tlie  one  hand,  because  looking  through  a  slit  in  itself 
produces  some  disturbance,  on  tbe  other,  because  in  this  experiment 
the  asligraatism  is  not  completely  removed.  ^ 

4.  Let  there  be  improvement  of  acuteness  of  vision ;  theexiateflfl 
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of  abnormal  astigmatism  is  thereby  proved.  'Now  the  question  is  : 
taial  is  the  state  of  refraction  in  each  of  the  principal  meridians  ? 
This  appears  from  the  strength  of  the  positive  or  negative  glass, 
with  which  in  each  of  these  meridians  the  greatest  acuteness  of  vision 
is  obtained.  We  usually  find  for  both  a  certain  degree  of  ametropia. 
It  is  now  of  importance,  accurately  to  determine  this  degree.  By 
this  determination  our  object  is  attained.  The  degree  of  astigma- 
tism is  included  in  it.  The  determination  is  unattended  with  difficulty, 
when  a  certain  degree  of  myopia  exists  in  both  principal  meridians : 
the  weakest  negative  glass,  with  which  the  greatest  acuteness  of 
vision  is  obtained,  is  in  that  case  a  sufficient  measure  of  it.  But  if 
hypermetropia  be  found  in  one  or  both  meridians,  it  is,  at  least  in 
the  case  of  young  persons,  probable,  that,  by  the  simple  proof,  the 
d^ree  is  not  accurately  shown.  For  involuntary,  almost  spasmodic 
tension  of  accommodation  conceals  in  part  the  existing  hypermetropia, 
and  causes  the  indication  of  a  too  weakly  positive  glass  for  total  cor- 
rection. Were  the  tension  unaltered  in  the  subsequent  determination 
for  the  two  principal  meridians,  at  least  the  difference  of  refraction, 
and  therewith  the  degree  of  astigmatism,  would  be  known.  But  this 
equality  of  tension  is  not  to  be  expected.  Moreover,  it  is  not  suffi- 
cient to  know  the  degree  of  astigmatism,  it  is  also  necessary  to  know 
that  of  the  hypermetropia  in  the  two  principal  meridians.  Now  this 
knowledge  is  certainly  and  accurately  obtained  only  by  repeating  the 
experiments  during  artificial  paralysis  of  accommodation  produced 
by  means  of  a  mydriatic :  the  hypermetropia  can  then  neither  wholly 
nor  partially  remain  latent ;  it  necessarily  exhibits  itself  entirely  as 
manifest  hypermetropia. 

5.  In  reference  to  astigmatism  we  desire  to  know  : — 

fl,  its  existence ; 

b,  the  direction  of  the  principal  meridians,  those  of  the  maximum 
and  minimum  of  refraction ; 

<7,  the  refractive  condition  of  the  eye  in  each  of  these  meridians ; 

d,  the  degree  of  the  astigmatism. 

Eespecting  a  and  h,  we  obtained  information  under  8,  respecting  c 
under  4.  It  remains  further  to  show  how  d  is  thence  to  be  deduced. 
The  matter  is  simple:  the  degree  of  astigmatism  is  found  from  the 
difference  of  refraction  in  the  two  principal  meridians.  This  shall 
be  illustrated  by  some  examples,  in  connexion  with  the  three  forms 
of  astigmatism  which,  from  the  point  of  view  of  refraction,  must,  I 
think,  be  established. 

81 
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I. — Myopic  oitigmatism,  to  be  distingaished  into  :-— 

a.  Simple  Km,  with  M  in  the  one,  £  in  the  other  meridian. 
Thus  let  there  be : — 

In  the  principal  meridian  b,  emmetropia. 

i9  99  99  V,    M    ^    J, 

then  there  exists  simple  myopic  astigmatism 

6       00        6 

b.  Compound  myopic  astigmatism,  or  myopia  with  astigmatism, 
M  4-  Am,  M  existing  in  both  principal  meridians. 

Thus  let  there  be : 

In  the  principal  meridian  h,  M  =  ^ 

99  99  99  ^>    •'**•    ^^      TV 

we  then  have  M  =  p-^. 

And  moreover.  Am  =  J,  —  jj  =  ^tobe  written  as  : 

II. — Hypermetropic  asiu^matism,  likewise  to  be  distinguished  as : 

a.  Simple  Ah,  with  H  in  the  one,  E   in  the  other  principal 
meridian. 

In  V  let  there  be  E. 

In  H  let  there  be  H  =  J, 

then  there  exists  simple  hypermetropic  astigmatism 

^^^-8-^  =  8- 

b.  Compound,  being  H  with  astigmatism,  H  +  Ah,  H  existing  in 
the  two  principal  meridians. 

In  H  let  H  =  i. 

In  V  let  H  =  T^. 
We  thus  find  H  =  A. 
and  moreover.  Ah  =  j  —  A  —  1> 

and  therefore  write, 

^. — Mixed  astigmatism,  with  M  in  the  one,  H  in  the  other  meri- 
dian. 

f  iUs  we  may  distinguish : 
a.  Mixed  astigmatism,  witA  predominant  myopim,  Amli. 


r 

I     111  V  let  M  =  A- 
I    III  H  let  E  =  ^» 
bus  we  find, 

JL-  1 

24  ""8" 
Mixed  astigmatism,  with  pred4)mmant  hypermeiropia,  Ahm. 


DIFFERENT  FORMS  OF  THE  DEFECT. 
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Amh  =  M  —  +  n 


In  V  let  M  =^  g», , 

In  H  let  H  =  i^. 
Therefore, 


Ahm  == 


S4. 


M  +  ra^='8- 


The  above  is  in  general  sufficient  for  the  diagnosis  and  deter- 
mination of  the  degree  of  astigmatism.  The  method  recommends 
itself  by  its  simplicitj  and  fiicility  of  application.  In  general  it 
deserves  to  be  preferred  to  imy  of  the  following  modes.  Only  the 
control  described  uiuler  8  must  not  be  omitted.  This  is,  properly 
spt^aking,  nothing  more  than  trying  whether  the  glasses  employed 
in  the  ifiTestigatioo,  described  under  4,  are  really  suitable.  If  the 
control  proves  accurate,  the  investigation  in  the  condition  of  artifi- 
cial paralysis  may,  even  where  hypermetropia  exists,  for  the  Dmst 
pari  be  omitted. 

L  llie  meihods  still  to  be  described,  come  under  consideration  in 
Ipnrticuhir  case^.  They  canoot  be  passed  over  in  silence,  least  of  all 
that  of  Stokes,  which,  for  its  ingenuity,  deserves  to  be  koown,  and 
also  sometimes  yields  good  service.  Employed  as  a  control,  it  cer- 
tainly iitfords  the  most  accurate  indication. 

I  6.  Modified  method  of  Young. — Young  determined  the  distance 
IHt  which  the  double  images  of  the  wire  of  his  optometer,  in  accom- 
rtnodation  for  the  farthest  point,  held  alternately  vertically  and  hori- 
zontally, appeared  to  intersect.  The  method  may  be  applied  in 
toiyopic  individuals,  but  gives  too  high  a  result  (conf.  p.  4-51). 
EMoreover,  the  directions  of  the  principal  meridians  must  first  be 
pbnnd,  according  to  the  method  described  under  2,  in  order  to  admit 
€)f  the  detennination  of  the  iucUnations  of  the  optometer,  at  which 
the  observation  is  to  be  made. 

7.  Method  of  Airy, — ITiis  is  applicable  only  where  a  tolerably 
high  degree  of  myopia  exists  in  the  two  principal  meridians,  which 
was  the  case  with  Airy.  As  point  of  light  a  small  opening  in  an 
opaque  disc  is  employed,  turned  towards  the  light  of  the  sky,  to- 
wards a  dull  glass  or  the  globe  of  a  lamp,  and  this  is  moved  fdoug  a 
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graduated  scale,  for  exftmple,  that  of  the  optometer*  We  iliai  td 
a  greatest  distance^  at  wkich  the  point  of  hght  appears  84  the  laotf 
elender  line,  and  a  shortest  distance  at  which  it  again  becomes  a  tkn 
line^  perpendicular  to  the  first.  The  distances  then  give  about  tk 
degrees  of  myopia  in  the  principal  meridians. 

If  it  he  dcf^ired  to  apply  this  and  the  preceding  methods  to  tw- 
myopic  subjects,  the  eye  must  he  rendered  myopic  by  a  suitaHf  ft*- 
vex  glass.     In  tliis^  however,  the  difficulty  presents  itself,  il  ^ 
the  axis  of  the  lens  does  not  accurately  coincide  with  tlie  visuiti  iin 
the  astigmatism  undergoes  a  modification. 

Moreover,  in  both  case?  the  accommodation  must  remain  at  tk^ 
This  caup  however,  scarcely  ever  be  accompb^nhed,  and  thmfo 
iu  the  raiyonty  of  instances,  this  method  leads  to  incorrect  resaltK 

B,  Modified  method  of  Airy. — In  order  to  meet  the  last  difficulty, 
the  accommodation  may  be  paralysed  by  means  of  a  mydriatic,  b 
strong  myopia  Airy's  method  then  affords  tolerably  fair  resdi*» 
But  if  no,  or  if  only  slight  myopia,  exists^  a  remote  point  of  liglit 
deserves  the  preference.  Thereby  we  avoid  the  trouble  conncctrf 
with  the  use  of  strong  lenses.  To  obtain  a  more  accurate  resalt, 
I  made  use  of  a  very  small  point  of  light,  produced  by  the  refleuou 
of  an  illuminated  little  round  opening  upon  a  convex  mirror, 
some  cases  it  was  then  satisfactorily  ascertiiined,  with  what  apl 
glasses  the  point  of  light  appeared  as  the  slenderest  streak,  snccessii 
in  two  opposite  directions.  In  the  majority  of  instances,  on 
contran%  this  remained  imdccided.  The  cause  of  this  lii-s  in 
irregular  astigmatism,  which  excludes  defined  lines  as  dii 
images.  Usually,  secondary  lines  rapidly  shot  out,  even  before 
principal  line  had  become  slender,  in  diflerent  directions,  prevenl 
an  accurate  determination  of  the  glass  required.  Only  in 
the  crystalline  lens,  whereby  the  irregular  astigmatism  was 
did  the  results  attain  perfect  accuracy. 

Instead  of  a  very  small  reflected  point  of  light,  we  may  employ  la 
opening  of  from  1  to  t  mm.  in  diameter,  such  as  is  to  be  obtjj 
by  means  of  tlie  board,  described  at  page  45.     Cases  of  aphakia  < 
copted,  the  results  thus  obtained  are  not  inferior  to  those  where  I 
reflected  point  of  light  is  used. 

9.  JnvestiffaiioH    with   cylindrical  Un^et. — Wliilc  at  a 
letters  without  or  with  the  be^t  chosen  spherical  glass,  are  being  i 
v^  distinctly  as  possible,  we  t^te  a  positive  cyHndrical  glabra  of  al 
»,  and  turn  it  round  before  the  eye.     If  astigmatism  exists,  it  is 
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observed  that,  in  a  definite  position  of  the  glass  (while  the  curvature 
if  the  cylindrical  glass  cQincides  with  the  meridian  of  strongest  cur- 
rature)j  the  acntenes^  of  vision  greatly  diminishes,  bnt  that  in  a  posi- 
ioii   perpendicular  thereto^    it,    on   the    contraiy,  increases.     The 
icuteness  of  vision  now  often  becomes  atill  greater  on  approximating 
ihe  object:  the  oyhndricul  glass  may,  in  correcting  the  astigmatism, 
lave  rendered  the  eye  myopic.     We  may  now  further  try,  with  what 
rtrength  of  cylindrical  glass,  always  held  in  the  most  advantageous 
K)sition,  the  greatest  acutene^s  of  vision  is  obtained,  which  must 
ilways   be  tested   by  difference  of  distance  of  tbe  letters,  or  by 
feombination  with  spherical  glasses.     We  then,  however,  obtain  at 
[last,  with  the  sacrifice  of  much  time,  only  a  moderate  result. 
I     The  method,  although  thus  in  itself  objectionable,  is  very  well 
ladapted  to  control  the  results  obtained  by  that  described  under  4*  The 
latter  shows  from  what  combination  of  spherical  and  cyhndrical  glasses 
the  greatest  acuteneas  of  viaiQa  is  to  be  expcctetl,  and  we  should  never 
n^lect  to  try  this,  nor  omit  a  comparison  with  sliglit  modification 
Df  the  lenses.     We  shall  thus  always  be  able  to  congratulate  our- 
lelves  on  a  mqre  complete  improvement  qf  the  acuteness  of  vision, 
;han  Wiis  obtained  by  the  use  of  the  slit,  which,  if  it  Iw:  too  narrow, 
kes  away  much  light  and  is  obstri^clive  by  diflractiouj  and  if  it  be 
10  wide,  very  im]>erfectly  corrects  the  astigmatism, 
1 Q*  M^thvd  lif  Slo/ic^, — ^The  distinguished  Secretary  of  the  Royal 
ciety  bad  very  well  seen  that  Airy^s  method  co^lti  lead  to  satis- 
factory results  only  when,  together  v(iih  the  successive  determination 
of  the  farthest  points  of  distinct  visioo  in  the  two  principal  meri- 
dians,  tlic  conchtion  of  accomuiodatign  of   the  eye   underwent  no 
phange.     By  his  method  this  difficulty  is  removed.     He  proposes  to 
define  the  degree  of  astigmatism,  by  means  of  an  astigmatic  lens, 
the  action  of  which  can  he  regulated  in  a  manner  as  simple  as  it  is 
Ingenious,  so  as  to  make  it  assume  precisely  the  degree  by  which  the 
Isligmatism  of  the  eye  is  corrected,    I  have  had  such  lenses  prepared, 
ind  give  the  description  of  the  instroment,  with  the  arrangement 
irhich  appeared  to  me  most  advantageous  j  the  principle  is  precisely 
ihat   of  the  miiginatlc  letis  of   Stokes,    which  name  may   also  be 
fiven  to   the  instruinent,      It  consists    (Fig.    162b,   exhiliiting  a 
section)  of  two  cylindrical  lenses,  the  one  plano-convex  I  of  A,  the 
other  plano-concave  /'  of  —  i^,     The  first  is  fastened  into  a  broad 
copper  ring,  K,  the  last  mto  K',  which  rings  at  jr  are  fitted  to  one 
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another^  and  c^n  turn  past  one  another  around  tiieir  axis.  At  the 
same  time,  therefore,  the  lenses  //'  also  rotate  past  one  another  j 
they  are  turned  with  their  flat  surfaces  towards  each  other,  leaving 
a  very  small  interspace.  Fig.  162  A,  represents  the  instniment, 
seen  on  the  outer  surface.  It  will  be  ohserved  that  on  K  an  index  • 
occurs,  on  K'  a  graduated  scale.  If  the  index  points  to  0"^  or  to  ISO*, 
the  axes  of  the  two  cylindrical  lenses  are  parallel ;  the  section  of 
the  \vT\ses  appears  thru  as  in  B,  so  that  when  united,  they  may  be 
regarded  as  a  conciwo-convex  cylindrical  Icn.s,  with  equal  radias  of 
curvature  of  tlie  two  planes,  whose  action  is  about  ~  0,  If  the 
index  points  to  90"  or  to  270",  the  axes  of  the  cylindricxil  gbisio 
stand  perpendicular  to  one  another.  At  the  same  time  the  sy^iem 
has  its  maximum  m  of  astigmatic  action  :  a  plane  of  parallel  mp 
of  light,  coinciding  with  the  axis  of  /,  will  undergo  no  A* 
through  /j  but  through  /'  will  be  made  convergent  to  its  facii-, 
ated  at  10';  on  the  contrary,  a  plane  of  parallel  rays,  coinciding  wiib 
the  axis  of  I',  are  made  divergent  through  /,  as  if  they  came  from  a 
point,  situated  10'  in  front  of  the  lens,  and  through  I*  do  not  devi- 
ate fm-ther  from  this  course.  In  the  one  meridiati  we  thus  obtam 
an  astigmatism  of  ^^  in  the  opposite  of  —  ^,  and  the  astigmatism 
m  of  rays,  refracted  in  this  position  of  the  lenses,  therefore  aniouiib 
to  J.  It  thus  appears,  that  by  turning  round  from  0"*  to  90 
astigtnatisra  ascends  from  0  to  { ,  and  by  a  simple  formula. 

As  =  m  sin  a, 
we  can  calculate  the  astigmatism  for  each  angle  a,  which  the  axi 
♦he  lenses  mate  with  one  another.    For  the  sake  of  couYenience  defli 

legrees  of  astigmatism  are  directly  given  upou  the  instrument,  re&- 

lering  the  culculation  unnecessary. 
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It  is  easy  to  see  the  use  which  mav  be  maile  of  this  instrument. 
If  any  one  fails  to  obtain,  with  the  most  &ati3factory  accDmnioJatioB 
or  reduction  for  distance,  the  eormal  acuteness  of  visionj  aocl  if  we 
su;3{)ect  the  existence  of  a^tignjatisu],  we  set  the  iiistmment  about  at 
the  degree  of  astigmatism,  which  the  dii»turbaiicc  of  vision  leads  ua 
to  suspect  (rather  somewhat  too  weak  than  too  strong),  and  causae  it, 
while  the  eye  is  stcathly  fixed  upon  the  distant  letter^j  to  t\irn  round 
before  the  eye.  K  improvement  be  now  observed  in  a  particular 
position,  the  action  of  the  astigmatic  lens  can  be  increased  or  dimi- 
nished in  the  numner  above  described,  until  the  maximum  of  distinct- 
ness is  obtained  J  but  this  change  requires  again  another  position* 

We  should  not,  however,  imagine  that  our  object  has  been  tlius 
altogether  attained.  The  eye  is  now  seldom  properly  adjusted  for 
the  distance  at  which  the  letters  are.  The  astigmatic  lens  makes  the 
eye  in  the  meridian  of  maxiiimm  of  curvature  incline  as  nmcli  to 
bypermetropia,  as  it  does  in  the  meridian  of  minimum  of  curvature 
to  myopia,  and  emmetropia  (dislinct  vision  at  a  distance)  will  tliere- 
fore  he  obtained  only  when  the  eye,  i^ithout  the  astigmatic  lens,  had 
selected  a  glass  whereby  it  was  reduced  in  its  two  principal  meridians 
to  an  equal  degree  of  ametropia  (either  myopia  or  liypermetropia). 
Sometimes  this  is  completely  accomphshed,  and  the  object  is  then 
immediateiy  attained.  But  experience  shows  that  this  is  the  excep- 
tion. In  general,  in  correcting  the  astigmatism  a  sliglit  degree  of 
ametropia  remains,  and  tliis  again  suggests  the  question,  whether 
the  astigmatism  has  been  corrected  as  perfectly  as  possible,  or  not. 
If  any  myopia  remains,  this  can  immediately  be  demonstrated  by 
approximating  the  object;  and  if  the  latter  be  now  more  acutely 
seen,  the  action  of  the  astigmatic  lens  can  be  more  accurately  set  and 
arranged  :  however,  when  in  this  manner,  after  a  bug  search,  an 
aceurate  result  is  obtained,  a  tolerably  detailed  calculation  is  still 
necessary  to  deduce,  from  the  spherical  glass  used,  from  the  astigmatic 
action  of  the  lens  and  from  the  greatest  distance  at  which,  with  this 
system,  acute  vision  is  obtained,  tlie  ametropia  in  the  two  priocipal 
meridians— a  knowledge  which  we  need.  But  if  hypermetrojJia  re- 
mains, there  is,  unless  the  accommodalion  provide  for  it,  no  distance 
discxjverable,  at  which  suiheiently  acute  vision  is  obtained,  perfectly 
to  regulate  the  astigmatic  action  of  the  lens,  so  that  in  that  case  the 
addition  of  a  second  spherical  (positive)  leus  is  required,  to  bring 
acuteness  of  vision  at  a  distance  to  its  maximum. 

From  all  the  foregoing  it  appears,  that  the  method  is  not  v^rv 
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pplicabltj  in  practice.      It  answers  best  when  the  e_\c  js  bysplicrici| 
tlasses  reduced  to  a  certain  degree  of  myopia,  aud  it  is  then  tried t 
near  objects,  with  what  action  of  the  astigmatic  lens  the  pcwoot 
l^e^t  read.     In  this,  however,  it  is  more  difficult  to  lake 
the  lenses  be  held  perfectly  centred  before  the   eje ;  roorerin 
opinion  as  to  the  acuteness  of  vision  is  not    quite  certain,  i 
events  we  have  learned  only  the  degree  of  astignmtism,  butl 
means  the  refraction  in  each  of  the  principal  meridians. 

For  all  these  reasons  the  method  described  ander  4.  des 
preference,  and  the  astigmatic  lenis  of  Stokes  is  principally  it 
only  as  a  means  of  control.      If,  for  example,  we  have  drduced  ft*  , 
the  results  obtuined,  by  what  spherical  glass  the  refraction  in  t 
two  principal  meridians  is  reduced  to  equal  degrees  of  umt 
(either  myopia  or  hypermetropia),  we  can,  with  the   aid  of  the  i 
matic  lens,  with  great  accuracy  determine  the  degree  of  the  i 
matism,  and  at  the  same  time  the  instrument  presents  the  adfinto 
of  enabhng  us  in  a  simple  maimer  to  regulate  it  in  its  actioa. 
precision  will  even  enable  us  to  discover  and  counteract  hitle 
accuracies  in  the  result  obtained  by  the  above-mentioned  metbo<l& 

Tills  is  the  place  to  remind  the  reader,  that  above  (p.  468)  i 
has  already  been  made  of  the  astigmatic  lens  of  Stokes,  in  the  coi^ 
st ruction  of  an  instrument  designed  to   make  the  phenomena  d 
astigmatism  in  very  different  degrees  visible  upon  a  screen.     WlaJ 
was  there  said  will  liave  found  its  explanation  in  the  statement  best 
given. 

B, — We  have  now  to  treat  briefly  of  the  objectwe  ngtu  of 
astigmatism. 

They  are  so  far  inferior  to  the  subjective,  that  they  usually  do  nut 
exist  with  equal  certainty,  and  never  show  accurately  tlie  degree  vi 
the  sisymmetry.  But  they  derive  a  special  value  from  the  conneiioTj 
iii  which  they  stand  to  the  cause  of  the  aftection.  They  have  partis 
reference  to  the  form  of  the  eyeball  Examination  with  the  oph- 
thalmoscope supplies  a  second  series  of  objective  signs. 

1.  Astigmatism  occurs  mostly  in   hypermetropic  iudividoals. 
diminished  acateness  of  vision  exists  in  such  i>ejsons,  asymmeir 
generally  in  operation.     Hence  the  objective  signs  of  hypennetioj 
are  already  not  without  value  (compare  p.  252).     But  the  cx^tn 
ukvn  affords  more   decisive  signs.       Sometimes  its  asymmetiy  j 
immt^diately   recognised :    it  is  either    shorter   than    usual    in 
vurtical  measurement,  or  it  extends  farther  backwards  {as  the  ] 
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of  greater  ciirvature),  so  that  the  section  between  the  cornea  and  the 
sclerotic  does  not  lie  in  one  plane.  In  other  cases,  the  difference  in 
magnitude  of  reflected  ininges  in  the  vertical  and  in  the  horizoDtal 
direction  attracts  attention*  A  square,  for  example  the  board, 
above  aieutioned  (p.  480),  is  represented  with  a  greater  transverse 
dimension.  The  as^yrametry  of  the  cornea  is  then  thus  proved, 
and  tliiit  of  the  entire  system  usually  corresponds  to  it.  Even  in  the 
form  of  the  sclerotic  we  again  find  this  dilTerence :  we  shall  often  be 
able  to  convince  ourselves  even  in  the  living  subject,  at  least  in 
hypermetropic  individual?,  that  the  vertical  axis  of  the  eyeball  is 
considerably  shorter  tlian  the  horizontal, 

2.  Examination  with  the  gphtlmlmoscope  affords  likewise  in  hyper- 
metropic individuals  the  most  certain  indication  of  the  existence  of 
astigmatism.  In  a  normal  eye  we  see  (unless  the  observer  be  him- 
fldf  astigmatic)  the  vessels,  proceeding  in  different  directions  from 
the  optic  disc  equally  distinct  with  equal  effort  of  our  accoinmodation. 
In  no  astigmatic  eye  this  is  no  longer  the  case.  We  then  observe 
that,  in  order  to  see  accurately  in  succession  the  vessels  running  in 
diUerent  directions  near  the  optic  disc,  we  must  alter  the  state 
of  accommodation  of  our  eye,  The  rule  is,  that  the  emmetropic 
individual,  in  relaxation  of  his  accommodation,  observes  accurately 
vessels  ninning  horizontally  ;  on  the  contrary,  to  see  vertical  vessels 
distinctly,  he  muist  induce  tension  of  accommodation.  The  explana- 
tion of  this  difference  is  evident.  Tlie  yessels  raoning  vertically  are 
not  acutely  seen  until  the  rays  thence  diverging  in  a  Itorizontal 
plane  are  brought  to  a  focus  in  the  eye  of  the  observer,  and  if  the 
observed  eye  be  hypermetropic  in  the  horizontal  meridian,  the  rays 
belonging  to  this  plane  maint<iin  outside  the  eye  a  diverging  direc- 
tion, so  that  teusion  of  accommodation  is  required  on  the  part  of  the 
observer  to  bring  them  to  a  focus.  On  the  contrary,  the  rays  pro- 
ceeding from  horizontal  vessebs  in  the  vertical  meridian  will,  in  emme- 
tropia  in  tliis  plane,  outside  the  observed  eye  be  parallel,  and  these 
vessels  will,  therefore,  without  tension  of  accommodation,  appear 
distinct.— In  the  inverted  image  of  the  fundus  ocnli  the  difference 
is  also  inverted,  but,  for  more  reasons  than  one,  is  less  perceptible: 
omitting  the  slighter  diilerencc  of  re(|uired  accommodation,  it  is 
too  mucii  inffuenced  by  the  direction  of  the  axis  of  the  lens  held 
before  the  eye,  which  even  may  correct  the  difference. 

At  the  meeting  held  at  Heidelberg  in  1861,  Dr.  Knapp  called 
attention  to  a  second  phenomenon  in  the  fundus  oculi  in  astigaiatic 


I 


I 


ASTIGMATISM. 

persons,  I  refer  to  the  variable  form  of  the  optic  disc.  In  the 
direction  of  the  meridian  of  greateit  curvature  the  dimension^  m 
examining  tho  non-inverted  image  appears  more,  in  that  of  tht 
meriiHsm  of  slightest  curvature  it  appe^irs  le^s,  magnified;  the  reverse 
obtains  in  examining  the  inverted  image.  If,  tlicrefore,  io  eitmi' 
nation  hy  these  two  methoda,  the  optic  disc  is  elongated  in  op[)o*ite 
directions,  the  existence  of  As  is,  as  Schweigger^  remarked,  provp4J.t 
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§37*  Cause  ahj}  S^at  of  Abnoumal  AsTioMATisJi* 

Abnormal  astigmatism  is  to  be  considered  as  a  higher  ilegife  of 
the  same  asymmetry^  which  belongs  to  normal  eyes :  siniilaritj  of 
Beat  and  couformity  of  thrcctiou  of  the  principal  meridians,  in  the 
two  cases,  afford  th^j  proof  thereof. 

As  to  the  normal,  the  cau^e  is  in  general  for  the  most  part,  to  be 
sought  in  the  cornea ;  and  the  direction  of  the  principal  meridians, 
for  the  whole  dioptric  system^  as  well  as  for  the  corne-a  in  particular, 
is  of  that  mitnre,  that  the  meridian  of  maximum  of  curvature  iisuall? 
approachfvs  to  the  vertical,  that  of  minimum,  to  the  horizontal. 

For  abnurmal  degrees  of  asymmetry  the  same  rules  obtain.  What 
19  more,  they  here  present  still  less  of  exception.  If  in  normal 
astigmatif^m  it  is  nothing  unusual  for  the  meridian  of  the  maximum 
of  curvature  to  make  a  smaller  angle  with  the  horizontal  than  with 
the  vertical  plane,  in  abnormal  degrees  I  have  found  only  a  few 
examples  thereof.  And,  us  to  the  seat — if  we  leave  out  of  c-onsidera- 
tion  a  few  cases  of  evident  ectopia  of  the  lens,  to  which  I  shall 
revert-— each  disturbing  degree  of  astigmatism  was  combined  with  an 
extraordinary  asymmetry  of  the  cornea.  Precisely  the  high  degree 
of  this  asymmetry  explains,  w^hy  it  preponderates  over  the  inffueuce 
of  the  lens. 

The  subjoined  Table  contains  our  tirst  results  of  observation. 

•  Archirjl  Ophihalmologie,  B,  ix,  p*  178, 

t  Wy  friend  liownaan  reoeotly  inFurniB  me,  that  "  he  has  been  sometimci 
led  to  the  discovery  of  regular  astijtj'-tiiatisni  of  the  cornea,  and  the  dirwlioa 
of  the  chief  mcridianu^  by  using  the  mirror  of  the  ophthalmoscope  much  ii 
the  tame  way  as  for  slight  degrees  of  conical  cornea.  The  observation  is 
mor©  easy  if  the  o|itic  diBo  is  in  the  line  of  fti^'ht  and  the  pupil  large.  Tbs 
mirror  is  to  he  held  at  2  feet  disLaoce,  and  iU  i net i cation  r tumidly  varied,  fo 
'q  throw  the  light  on  the  eye  at  small  angles  to  the  perpend iculur,  ftsd 

h  opposite  sides  in  sucoeBsion,  in  successive  meridians.  The  area  of  tke 
\  then  exhihita  a  somewhat  linear  shadow  in  some  meridiana  rather 
mothers/' 
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It  is  made  of  like  dtita,  auJ  calcuhited  in  tlie  same  manner  us  tbu 
Table  occurrijig  at  p.  400,  and  referring  to  normal  usliginatism. 
We  find  here  21  cases  collected,  in  which  diminished  Qcuteness  of 
vision  existed,  as  the  result  of  abnormal  astigmatism.^ 

The  Table  requires  little  explanation.  Of  the  live  columns  of 
fignresj 

I.  Contains  in  millimi^tres  the  radius  in  a  horizontal  plane,  carried 
through  the  visual  line. 

II.  In  miUimetres  the  radios  iti  a  vertical  plane,  carried  tlu-ough 
the  visual  line, 

"  In  the  majority'  of  these  oa^s  the  measurements  which  are  required  for 
the  calculation  of  the  ekmt'uta  of  the  ellipse^  were  made  both  in  the 
vertical  and  in  the  horiztrntal  Bection,  I  paais  tlicm  over  ht*re  as  being 
leu  pertinent  to  the  matter  in  hand.  I  aball  observe  only  that  the^eceen- 
tricity  of  the  elliptical  section  in  the  vertical  meridiun  nsxially  proved 
particularly  smalL  It  al»o  deaervea  to  be  mentioned  that,  especially 
when  hypfcroietrupia  was  m  play,  the  visual  lino  ahuost  alwayn  made  a 
j;reat  nw^h  (7®  to  9")  with  the  axis  of  the  cornea,  Vfhioh  must  appear 
the  less  strange  beeanse^  as  uumerous  nieatiiirements,  made  in  connexion 
with  Dr,  Dojer;  have  shown  {Vcntkujen  en  Medtde^Un^feti  van  de  KtimnkL 
Akadtntie  nm  JVetemehappen,  18ti2),  the  angle  between  the  visual  line 
and  the  axis  of  the  cornea  is  in  general,  in  hypermetropic  eubjeots,  oon* 
•iderable  (compare  p.  29[>), 
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la  Parisian  iiiolies,  the  posterior  focal  distance  of  tlie  i 


IV,  In  Parisian  inches,  the  poiteriop  focal  distanoe  of  the  cnrwi 
in  II, 

V.  In  Pamian  inches,  the  focal  distance  of  the  cylindrieal  Ims^ 
which,  ID  the  requisite  direction,  placed  immediately  before  thcconwi 
would  make  the  focal  distances  HI.  aiul  IV.  equals  The  degree  rf 
aatigniatism,  proceeding  from  the  ascertained  asj  mmetry  of  the  cgtm 
is  therefore  1  ;  1078,  1  :  KO^Ol,  kc.—U,  signifies  the  right,  L  thf 
left  eje.  In  some  persons  both  eye^,  in  others  onlj  ope,  are  measnifA 
M»  stands  for  the  male,  F,  for  the  female  sex.  On  the  whole,  I  hm 
found  the  asymmetry  raore  in  raen  than  in  women ;  of  the  latkr, 
howeveFj  ooniparatively  fewer  were  submitted  to  measiuement 

The  eye  discovers  at  a  glance  that  in  all  the  eas^  the  radios  of 
the  cornea  in  the  vertical  plane  i»  considerably  less  than  that  in  the 
horizontal,  that  therefore  the  form  of  the  cornea,  without  ejtception, 
iOcounta  not  only  for  a  high  degree  of  astigmatism,  but  also  speciallj 
for  jm  astigmatism  with  shorter  focal  distance  in  the  vertical  meridiau, 
— quite  in  accordance  with  what,  likewise  without  ej^ception,  ww 
observed  with  respect  to  the  whole  dioptric  systeni, 

The  great  importancti  of  the  asyoiinetry  of  the  cornea  is  paiticu* 
larly  striking  on  comparing  the  Table  to  be  found  at  p.460j  containing 
the  results  of  observation  of  normal  eye^^,  with  sufficient  acuten^  of 
vision  ;  the  miix^imum  of  asymmetry  occurring  here  ia  still  below  tie 
minimum  mentioned  in  the  Tabic,  in  cases  of  abnormal  astigraatisjUt 
if  we  leave  out  of  view  No.  2  of  the  abnormal,  which  had  a  relatively 
slight  disturbiiiR'C  (S  =  i),  and  No,  14  of  the  normal,  which,  oa 
closer  examination,  yielded  no  perfect  acuteness  of  vision  (S  =:  {). 

Another  question  is,  how  far  the  crystalline  lens  also  has  influence. 
In  my  original  Essay  upon  Astigmatism,  I  was  not  in  a  position  to 
give  a  satisfactory  answer  to  tliis  query.  The  investigations  recently 
carried  out  witli  Dr.  Middelburg,  according  to  the  method  above 
described  (see  p,  46!i),  have  supplied  me  with  the  proof,  iAat  mlk  a 
kiffk  def/rce  of  ai^^mmefr^  of  ike  eornea  ti^pnmetr^  of  the  ewialline 
letts  exists,  acting  in  mck  a  tiiredlon,  that  the  a^tiffmati^im  Jar  He 
whole  e^e  is  nearlt/  always  less  tkan  that  proceedinfi  from  the  cornea^ 

The  subjoined  Table  (compare  that  at  p,  493)  contains  the  results 
of  ob5er\\ition  und  of  calculation,  obtained  for  fifteen  eyes,  some  of 
which  were  determined  by  more  than  one  observer.  The  obser?ap 
tions  show : 


I 


i 


■^J^ 


^      n 


Jt 

< 


I 


t>  r*  *-*  r*  t^  «o — 

I  o'  o    ©■  o'  O    O         O"  s'  o'  a*  V  o'  o'  o 


—  / 


'   /    /    / 


/    /    / 


< 


is      ::§^    gSci; 


■"  t^d:!  o?Pc©e^ 


:;1 

II 
SI 


* 

1 

r^  i>l  tC  t>  rC  »<^  tC 

=  «s.  o  aq  gi  -^i-M 

/  • — ^ 

-^-  -  \ 

V       ^    — 

^ 

"^  -   / 

g 
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^  t^  ;c  iLS  1^  o  'X  o  r^  Ti  (£3  «o  sr  f^  (>.  i>^  o  ^ 
y  op  gg  00  od  aj  <g  g&  ad  cp  ad  ^*  ad  K  r-  r^"  t>-  e^ 

_ae*_«  oc  t^  »^  dS  t-^'X!  f^  1"^  CO  X.'  t-^  iCt^  h^bl 

tti  ai  tp  > 's  r^  — *  50  c&  CO  Q  «s  OS  tC'  (M  Ci  t^  Qc  to 

ci  O  ■^  «  <D  t»  O  QC  QO  W  d5  «  C»  Ir^  5C  '.'5;  <0  ♦O' 

06  3Q  OC  'S5  »--  r^"  30  r^^  r-^  *^  t'^  h^  r>^  r--  i-^  »-.I  t^Ii  h^ ^ 

^  ^j  —  ^  i^  CO  r-*  S  »C  ♦£?  tq  at>  t^  1^  --i!*  cr3  sf^  «6  Ci 
op  e-^  "sd  X  i'^ »~~  t^  f^  ^r  (^  "^  '  --  r-^  t-^  t-^  t^  t-1  r-^  r-» 

~cc 'r^  'ti  I— ^c  o  '^  ^^<C'  '^  '-  't"M'  r-  rr  o  -*"i  ?^ 
0»  cc?  c  Ci  c^  rt  i^  «3  -^  -r_  -^  '  '  '■^, '".  ' '  -,  ''■^, ''-  '  T 

-M  .-^  ic  ^^  ^  •?•*  r-  " "  w  "  r;   -   —  "  T-  <  -  rt  -fi  '^  cr. 

)h»»o  oj  o  ^  -^  p^     ^  '^;  ^.  '^ '": ""  "1  '-'i  ^.  "■*.  ''R. 
ih^t-^t^oot-^t-^  r^      tCfCr-^  t-»  r-»  t^  f-»  t--^  *"^  *^  ^  _ 


~^gS?2^!r  ii:i^  P'S  TJ  rz  !^  5S  tS  t^X  JS  2S 


I 


t4  i^rCao  t^  ^-^_t4±ri^  '^it'  t?  »^^  •>  iS  tr  ir^^-^t^ 

'tZT^  o  'I*  CO  ©  -T  <£i  r-»'p^  ^  t—  ^c  o  'M  — •  "3"  ao  Q 

t^t^stCi  I jj  1-^  1-^  r--^  t-^  r-^  *^..'"'~ '""  '^  '"~  '^  "^^  t^/^  t^ 


1  for  the  vhole  eVc  (column 
not  so  high  as  hsid  previously  been  found  hy  Dr. 
Knapp  and  myself.  It  was  on  the  present  occasion  ascertained  by 
determination  v^ ith  the  stcnopceic  slit^  with  ejUnchical  glasseSi  aod 
with  StokeV  lens,  the  average  of  the  results  obtained  by  these  three 
methods  being  taken.  These  residts,  when  the  acnteness  of  vision  waa 
not  particularly  slight,  usually  diiFered  but  little  from  one  anDther. 

2^  That  almost  invariably  (column  D)  liypermetropia  existed  in 
both  meridians  (tlie  si^m  minm,  placed  before  the  numerical  valaes  of 
the  refraction,  signiGes  11). 

S''.  That  the  direction  of  the  meridian  of  maxioium  of  curvatnre 
(column  G)  is  far  rro[n  uniform,  but  yet  in  twelve  case^  deviates 
less  than  20'  from  the  pcTpendicular,  and  only  in  two  ca^es  is  nearer 
to  0°  than  to  90^  (The  determination  was  effected  from  the  direction 
of  the  correcting  glass  required,  according  to  the  method  descril)ed 
at  p.  455,  which  is  more  accurate  than  that  formerly  used). 

4''»  That^  in  connexion  with  the  most  commonly  occurring  direc- 
tion of  M,-,>  with  the  exception  only  of  No.  13,  the  radius  of  curva- 
ture of  the  cornea  in  90^  is  less  than  in  0°  (column  E),  and  even  in 
five  csas^  the  maximum  of  curvature  is  found  very  near  90°. 

5**.  That  the  average  of  the  me41.su  rem  en  tst,  in  each  of  the  meridians 
obtained  through  intervals  of  16  degrees  (column  E),  No*  14  excepted, 
exhibits  a  very  regular  sequence  in  the  ascertained  valaes  of  the 
radius  of  curvature.  (Tlie  lesser  regularity  found  for  the  cornea 
Mith  normal  astigmatism  (compare  Table,  p.  4-60),  is  undoubtedly 
to  be  ascribed  to  errors  of  observation,  which,  with  the  slight  differ- 
ence of  the  radius  of  curvature  in  the  measured  meridians,  must  of 
[course  be  much  more  evident  in  the  relation  of  the  numbers,) 

From  the  observations  of  the  radius  of  curvature  in  the  different 
merithaos,  it  was  now  in  \\\t  first  place  calculated,  to  what  meridians 
maximum  and  minimum  correspond  and  what  are  the  values  of 
masdmum  and  miriimura  j  whence,  further,  in  a  simple  manner 
(compare  p.  461)  the  degree  of  astigmatism  caused  by  the  cornea 
(sec  colunin  F,  under  AsJ  ^^^  ^^^^^^  found. - — In  the  second  place,  it 
was  now  calculated  what  the  degree  and  the  direction  of  the  asymmetry 
of  the  crystalline  lens  must  be,  in  order,  in  connexion  with  the  valutas 
ascertained  for  the  cornea,  to  elicit  the  direction  and  the  degree  of 
the  astiirmatisra  for  the  whole  eve.  In  column  II  the  results  of  this 
calculation  for  the  lens  are  inserted.  They  will  be  found  to  be  in 
accordance  with  the  general  result  formulised  at  p.  49ii. 
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Lin  particular,  we  still  remark^  that  only  in  two  cases  does  the 
ridian  of  luaxirmim  of  curvature  of  the  crystalline  lens,  M^  approach 
KTc  to  the  vertictal  tlian  to  the  horizontal  direction.     In  eleven  cases 

it  deviates  even  less  than  10^  from  the  horizontal  direction*  It  thus 
appears  that  tlie  maximum  of  curvature  of  the  lens  is  still  more  con- 
stantly governed  bj'  the  horizon tal^  than  that  of  the  cornea  is  by  the 
vertical  direction.  Now  with  this  is  further  connected  the  fact,  that 
the  astigmatism  of  the  comen  is  almost  invariably  greater  than  that 
of  the  whole  eye.  But  at  the  same  time  it  appears,  that  we  should 
be  far  from  the  truth,  if  we  made  the  compensating  action  of  the 
ciy^stalline  lens  equal  to  its  actual  astigraatism,  and  therefore  BFsnmed 

Afl|=  -T-   —  T—*     The  directions  of  the  axes  have  too  great  an 

influence,  as  a  single  glance  at  the  lines,  by  which  they  are  indicated, 
at  once  makes  evident.— We  can  therefore  attach  no  particular 
value  to  the  Table  given  by  Knapp,*  the  less  so,  because  the  deter- 
minations of  the  astigmatism  for  the  whole  dioptric  system  must  by 
his  method  come  out  too  high  {see  p.  451). 

I  have  called  the  astigmatism  of  the  cornea  greater  than  that  of 
the  crystalline  lens  :  butj  in  fact,  the  astigmatism  of  the  crystalline 
lens  is  greater  than  we  have  here  found  it.  The  calculation  was 
made  as  if  the  crystalline  lens  were  a  single  refracting  surface, 
placed  at  an  infitdtely  short  distance  from  the  anterior  surface  of 
the  cornea ;  and  we  can  easily  understand*  tliat  the  deeper  position 
of  the  crystalline  lens  must  diminish  its  influence  in  astigmatiam* 
I  have  thought  a  more  accurate  calcnlation  on  this  point  super- 
fluous. 

Lastly,  the  question  still  arises,  whether,  when  asymmetry  of 
the  cornea  exists,  the  radius  in  the  horizontal  meridian  u  greater,  or 
that  in  the  vertical  is  smaller,  than  that  of  the  normal  symmetrical 
eye.  In  the  first  place,  I  can  to  this  answer,  that  that  in  the  horizontal 
meridian  is  usually  considerably  greater.  In  measuring  120  eyes  of 
men  with  perfect  accuracy  of  vision,  I  found  p°  in  the  horizontal 
meridian  on  an  average  7.858  mm»,  the  maximum  being  8<396  and 
the  minimum  7.291.  Among  these  were  many  myopic  and  hyper- 
metropic eyes,  up  to  the  highest  degrees ;  but  they  exhibited  no 
difference  of  importance.  The  21  asymmetrical  eyes  of  men,  col- 
lected in  the  Table  (p.  491)  give,  on  the  contrary,  p^  on  aii  average 
8*£&1,  that  is,  nearly  equal  to  the  maximum  found  in  syn»metrical 
•  Arthivf.  Ophthnlmologkt  B.  viii,  Abth.  ii,  p.  225. 
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eyesj  and  among  them  occur  not  fewer  thai 
that  maximum,  namdj,  p^  a*  8*44,  p^  z= 
8-81,  and  p""  b  8.91.    As  to  p*"  in  the 
in  the  asymmetrical  eyes  shorter  than  in 
difference  is  here  less  considerable.    On  an 
first  (Table  p.  491)  p^  vertic*  ==:  7-489.   Ol 
eyes  1  possess  no  determinations  except  tha 
exhibit  an  average  of  7-695.    It  therefon 
metiy  of  the  eye,  p^  in   the  horiaontal  n 
more  above  the  normal,  than  p^  in  the  vei 
The  same  is  to  be  deduced  from  the  Table  { 
Besides  congenital  malformation  of  the 
conditions  may  give  rise  to  abnormal  astig 
separate  consideration,  and  shall  be  spok 
clinical  forms,  under  which  astigmatism  occ 


I  hefe  append  the  mode  of  otloulating  the  pu 
lens  in  astigmatiBm,  as  it  has  been  ettabliihed, 
friends  Professors  Hoek  and  Buys  Ballott 

In  the  first  plaee  it  is  necessary  to  establish 
made  in  twelve  meridians  a  relative  influence  on 
as  well  as  on  the  radios  in  3£>  and  m^  From  th 
culated  :^ 

l**.  a  the  angle,  which  the  homontal  plane  n 
the  greatest  radius  of  curvatare. 

2^.  Rf  the  least  radius  of  curvature  and  r  thi 
ture. 

For  this  purpose,  let  the  twelve  obseryations  hi 
and  of  the  a,  r  and  R,  calculated  from  each  grou 

Let  po  be  the  radius  of  curvature  in  the  hor 
making  an  angle  a  +  0  with  m,  thus  p^  makei 
We  thus  obtain : 

1        1       .       .    1    •  , 
=s  --COS*  a  -f  -sin»  < 

pQ      i^  r 

to  which  another  form  is  easily  given, 

The  difference  is 

The  difference  of  the  two  cosines,  expressed  b; 
we  obtain 


For  Um  fint  oombiaatioii  we  find  x 
For  the  ae<»oiid  oombiaation  : 


And 

g  —  -  li  found  ws  (t  •), 
1  _  J^ 

E       r         mm  2  a 

TUb  gi?ea  for  tlie  first  oombination, 

1  I  0  0107 

For  the  second  oombinatioD, 

R  ""  r  ""  008  SI*'  W  —  ^"^^lOS- 
For  the  third  oombinatioD, 

2  1  _      0-0063 

R  "  ?  —  008  51«  26'  =  0-0101. 

By  adding  the  values  obtained  f or  ^ to  the  oorrespondisg  ti 

11  2 

^  4-  -,  we  obtain  the  value  ^,  and  by  subtracting  them  from  tb 

K        r  R 

11  2 

value  ^4 —  the  value  of-.   In  the  first  combination 
R      r  r 

1  =  0-2387  +  00107  =  0-2494. 

second  combination  =  0*2510 
third  „  =  0-2503 

I-  =  0-7507 

R 

i  =  0*1251 

R  =  7.99 
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And 


-  ^  02387  —  001 07  =  0  2280 
r 

second  combination  =  0-22li4 
tMrd  combination  ^  0*230 1 


t  ^  0*1146 

r 

r  s«  8'73. 

In  tWs  maDner  now  both  M^  and  the  radius  in  Mt^  and  in  m^  are  found, 
and  entered  in  the  Table.  The  ascertained  values  of  the  radii  in  Mc  and 
nic  are  reduced  to  Parisian  inches^  and  thenoe  the  posterior  focal  distances 
F'  in  the  maximum  of  curvature  and  f  in  the  miaiinu.m  of  curvmture  are 
oalculttted,  whence,  further,  f  was  found  (see  p,  461), 


We  thus  obtain : 


Asc  -== 


Now,  if  the  direction  of  M^  be  known  by  direct  determination,  that  of  Mc 
by  calculation,  and  if  the  values  of  As^  and  As^  have  also  been  found,  these 
may  be  considered  as  the  focal  distances  of  two  positive  cylindrical  lensesi 
the  direction  of  whose  axes  is  perpendicular  to  Mo  and  to  Mc.  Henoe, 
therefore,  M]  can  bo  found  as  the  direction  of  the  axis,  and  Asi  as  the 
strength  of  the  cylindrical  lens,  which,  added  U  M^  and  Asc,  gives  for  the 
resulting'  lens  M^  and  Aso- 

The  following  is  the  question  ; — 

If  of  two  inilnitely  thin  cylindrical  lensefij  I  and  III,  are  ^iven  the  focal 
diBtanoes,  or  the  radii  r^  and  r^  and  the  directions  of  the  axes,*— what  is  tlien 
the  foo«l  distance  or  tbe  radius  r^  and  the  direction  of  the  axis  of  a  lens 
IL  which,  added  to  I,  has  III  as  resulting  lens? 

Let  pi>  =  E  of  the  cylindrical  lene  be  do  (therefore  in  the  direction  of  the 
axis), 

p^  z-i  f  the  least  radius  of  curvature,  «,  /3  the  azimuths  of  the  plane 
of  the  axes  for  each  of  the  cyMndrioal  glasses. 

y  the  azimuth  of  the  axis  of  the  lens  to  be  added,  then,  aa  in  an  angle  f 
with  the  axis 

for  the   cylinder      ^  -  sin"  ip  and  —  =  ^  cos*  a 

and  therefore  in  an  arbitrary  azimuth  5,  that  mates  the  anglei  » — B  with 
the  axis  of  the  Brst»  /?—d  with  the  axis  of  the  seooiLd,  y-^d  with  the  plane 
of  the  axis  of  the  third  lens, 

sin*  (.-^)       sin'  (/i-a)  _  flin'^  (y-d)        I 
r'         "*"         r'         —        r"         "^  B 
oos*  (y— a)        1^ 
r"         "^  It 


ia  always  r=  ^  oos*  i*  +  -  «in*  f , 
K  r 


008*  (a—^)  COb*  O—a) 


(1) 
(2) 


K  always  the  radius  of  the  sphere,  which  must  he  added  to  the  lens  y,  in 
order  wholly  to  comprise  the  system  «  and  /3. 
(2)  rainua  (1)  gives,  on  account  of 

COS?  ^  —  sin'  ^  s=  COS  2  ^, 
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tot  2  (a— i)       eot2  ^j3-^)  _  en«2fy— ^)  «. 

?        "^        r       ^       iT  ^  ' 

The  arimntli  ft  is  aHMtnnr,  for  in  MeA  azimuth  it  anist  be  qiiHe  ^  HBe, 
whether  we  take  a  or  3,  or  7  into  the  iphcre. 

This  we  ezpreia  in  the  following  manner : — 

ooa  2  ia — 1\  =:ooi2aooa2ft4-iin2aiin2d. 

If  we  do  thus  with  the  other  terms,  and  write  the  one  under  the  ote 
what  is  multiplied  with  00s  2  d,  and  also  the  one  nnder  the  other  ^ist  ii 
multiplied  with  sin  2  d,  there  resnlu  (3; 

+  ??!L2Jco.2a  +  !»-2^rin28  1(4) 

In  order  to  express  the  arbitrariness  ^  ft,  the  eoefBeicnt  of  eos  S  ft  oi 
that  of  sin  2  ft  most  each  separately  be  equal  to  zero.  Tbns  (4)  Inlla  iifeB 
(6)  and  (6). 

oos2a,oos2/3       cos2y  g,^ 

sin  2  a  ,    sin  2  3       sin  2  y  .^ . 

-?-  +  — F-  =  -i^         w 

(6)diTidedb7(5)is:— 

sin  2  a       sin  2  ^ 

t^n  2  V  =  —  -    - 

^       cos  2  g  ,    COS  2  ^  (7; 

"^  (5)*  +  («)•  gives 

1  _    1         1^       2  cos  2  (g-^) 

Thus  iT  and  y  are  found. 

If  r^  or  i^  and  g  or  /3  to  be  found,  while  jT  and  y,  and  moreoTer  z'  or  I'sad 
fimamn  given,  we  write  (5)  and  (6)  thus : 

cos  2  g cos  2  y       cos  2  ^ 

sin  2  g  _  sin  2  y       sin  2  ^ 
10. 


(10) 


^giTes: 

sin  2  y 

sin  2  /3 

1^       __  1^  sin  2  y  —  r**  sin  2  /3 

^■^"-oos2  r 

coB'dfi       r'co82y  —  r^oos2/3 

(U> 


of  J  =-^^  '=[''.  +  ''„  -  2  r,r,co.2  OJ-y)] 


<rfr,= 


••. '„ 


^  r^,  +  H„-  2  p;r„  oo."2  (p-^)- 
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According  to  these  formu]©  M^  (^  a)  and  r'  (and  with  them  A\  es  pro- 
portionate to  them) I  are  now  found  and  fUled  into  the  Table. 


§  38t  Cylindeical  Lenses^''*"  and  General  Rules  for  theiti 
Employment. 

Eegular  astigmatism  may>  as  has  above  been  remarked,  be  pro- 
duced by  addiog  a  cylindrical  to  a  spherical  lens. 

The  action  of  a  cjlindrical  lens  can,  in  its  turn,  be  counteracted  by  a 
second  such  lens  of  equal  focal  distance.  If  these  cylindrical  lenses 
are  both  either  positive  or  negative,  the  axes  of  the  cylindrical  surfaces 
must,  in  order  to  neutralise  each  other,  stand  perpendicular  to  one 
another;  if,  on  the  contrary,  one  he  positive,  and  the  other  negative, 
the  effect  is  attained  with  a  parallel  state  of  the  axes.  Of  the 
latter  case  the  astigmatic  lens  of  Stokes  furnishes  an  example  (eonf. 
p.  48 C) :  its  action  is,  in  a  parallel  state  of  the  axes,  =  0,  The  first 
we  find  represented  in  the  so-called  watchmakers^  lenses,  which  have 
two  convex  cylindrical  surfaces  of  equal  focal  distance,  whose  action, 
by  the  intersection  of  tbe  axes  of  these  surfaces,  nearly  coincides 
with  that  of  spherical  biconvex  lenses.  If  the  two  cylindrical  sur- 
faces be  similar  and  concave,  they  give  the  action  of  a  negative 
spherical  lens,  with  removal  of  the  astigmatisra,  when  their  axes 
intersect. 

Now  as  the  action  of  one  cylindrical  lens  may  be  destroyed  by 
that  of  another,  regular  astigmatism  may  be  corrected  by  means  of 
a  cylindrical  lens.  In  order  to  form  a  good  idea  of  the  correction, 
experiments  should  be  tried  with  one's  own  eye.  A  cylindrical  lens, 
for  example  of  A,  produces  astigmatism,  and  gives  rise  to  peculiar 
disturbances  in  vision  already  described.  A  second  cylindrical  lens 
of  —  Tiiy  with  a  similarly  directed  axis,  completely  neutrahses  the 
action  of  the  first,  so  that  the  presence  of  glasses  before  the  eye  is 
now  scarcely  observed.  If,  on  the  contrary,  the  second  cylin- 
drical lens,  as  well  as  the  first,  is  a  positive  lens  of  A,  the  astigma- 
tism is  corrected,  if  the  axes  of  the  cylindrical  surfaces  be  directed 
perpendicularly  to  ench  other ;  but  the  eye  has  then  at  tlie  5ame 
time  become  myopic,  and  that  to  such  a  degree,  that  the  farthest 

•  To  be  hod,  among  others,  from  Nachet  and  Son^  Paria^  and  Paetz  and 
Flohr,  Berlin,  on  giving  the  formulaa  to  bo  hereafter  eommunicated* 
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point  of  a  previously  amctropic  eye  (the  distance  from  the  glaaBto  the 
eye  not  being  taken  into  account)  comes  to  lie  at  lO*  (M  =  i). 

The  glasses  required  for  the  correction  of  the  difTerent  fonns  of 
astigmatism,  may  be  reduced  to  three  kinds. 

I.  Simple  cylindrical  glasses  (Fig.  163).  Just  as  the  spherical 
these  have  either  a  positive  (A,  B,  C),  or  a  negative  focal  distance 
(D,  E,  F) ;  the  first  we  call  simply  positive,  the  second  negative.  If 
both  the  surfaces  are  cylindrical,  their  axes  are  paralleL  To  give  a 
correct  idea  of  their  form,  they  are  represented  both  in  a  section  per- 
pendicular to  the  axis  (Fig.  163, 1),  and  in  a  section,  carried  through 
the  axis  (Fig.  163,  II),  the  surfaces  being  distingaished  as  a,  the 
anterior,  and  jd,  the  posterior. 

a.  To  the  positive  belong : — 

1.  The  bi-convex  (Fig.  163  A). 

2.  The  plano-convex  (B). 

3.  The  concavo-convex  or  positive  meniscus  (C). 

b.  To  the  negative  belong : — 

1.  The  bi-concave  (D). 

2.  The  plano-concave  (E). 

3.  The  convex-concave  or  negative  meniscus  (F). 

Fig.  163. 


1  a 


c«B^      »r 


P  a 


P  amp 


Practically  the  same  is  true  of  the  cylindrical  as  of  the  spherical 
asses :  the  plano-convex  and  plano-concave  produce  the  greatest 
)erration,  the  bi-convex  (provided  it  be  not  too  powerful)  and  the 


VARIOUS  FORMS  OF  GLASSES, 


503 


bi-concave  are  in  general  very  satisfactory,  and  the  menisci  have  the 
advantage  of  being  periscopic. 

Of  the  simple  cybndrical^  glasses  from  A  e  to  ^  i\  ant]  from  —  i  ^  to 
—  i  ^  are  necessary,  that  ia  glasses  of  from  50  to  5  Parisian  inches 
both  negative  and  positive  focal  distance.  Tliat  this  focal  distance 
obtains  only  lot  the  surface  perpendicular  to  the  axis  of  the  cylin- 
drical cnrvatm-e,  and  that,  in  a  surface  carried  through  the  axes  the 
focal  distance  is  infiaite,  need  sc^ircely  be  remarked  here  :  they  there- 
fore leave  in  this  last  direction  abn,  the  focal  distance  of  a  dioptric 
system,  wherewith  they  are  combined,  unaltered. 

To  express  their  nature  and  power  we  make  use,  as  will  have 
been  seen,  of  the  same  formula  as  for  the  spherical  glasses,  with  the 
addition  of  c. 

II.  Bi'vylindnca! glasses  (Pig.  164). — These  have  two  cylindrical 
surfaces  of  curvature,  whose  axes  are  directed  perpendicularly  to  one 
another  (I  a  and  Il/f).  If  the  two  surfaces  are  cylindrically  ground, 
but  their  axes  are  parallel,  they  belong  to  the  simple  cyhnthical, 
whether  to  the  bi-convex,  or  bi-concave,  or  to  the  menisci,  which  have 
been  akt*ady  described  above  (Fig.  163,  A,  C,  D  and  F).  Of  the 
bi-cylindrical  one  surface  is  in  geiiend  convex,  tlie  other  concave,  as 
the  tWQsectiona,  taken  in  each  of  the  two  axes  (Fig.  164, 1  a,  II  p)^ 

Fig.  164.  Fig.  165, 


X      iri 


1    « 


show.     Such  bi-cyliudrical  glasses,  therefore,  make  parallel  incident 
rays  of  light,  after  refraction,  converge  in  the  plane  of  the  one  axis^ 


504  ASTIGMATISM. 

and  diverge  in  that  of  the  other.  Their  action  may  he  expeasediiT 
the  formula  for  each  of  the  two  planes,  connected  by  the  s^ofi 
right  angle  f-  A  bi-cylindrical  glass  of  12"  positive  focal  distance 
in  a  plane,  perpendicular  to  the  axis  of  the  convex  cjlindncd 
surface,  and  of  24^  negative  focal  distance  in  a  plane,  perpoidinh 
lar  to  the  axis  of  the  concave  cylindrical  surface,  is  theiefoie  ex- 
pressed as : 

12^f^  -24"- 
III.  Spherico-cyHndrical  glares. — Of  these  glasses  the  one  sa> 
face  has  a  spherical  (Fig.  165, 1  and  YL  a  a),  the  other  a  c^b'ndncil 
curvature  (I  and  Upp),  Only  those  are  used  whose  two  sur&ces  m 
either  convex  (A)  or  concave  (B).  These  lenses  may  be  considered 
as  t]ie  combination  of  a  piano-cylindrical  with  a  plano-sphericsl 
lens,  and  we  actually  obtain  both  by  cutting  aspherico-cylindricalkm 
in  a  plane,  perpendicular  to  the  axis  of  the  spherical  surface.  Nof 
the  action  of  a  spherico-cylindrical  lens  is  similar  to  that  of  the 
combination  mentioned,  and  it  may  be  expressed  by  the  formula  fw 
each  of  the  refracting  surfaces,  united  by  the  sign  of  combinatum 
O.  If  the  spherical  curvature,  as  a  plano-convex  lens,  gives  a  focJ 
distance  of  12',  the  cylindrical  curvature,  as  a  plano-convex  lens,  a 
focal  distance  of  24',  we  write : 

1      ^  1 

i2  *  ^  24  '' 
signifying  that  the  positive  focal  distance,  in  a  section  through  ihe 
axis  of  the  cylindrical  surface,  amounts  to  12',  in  a  section  per- 
pendicular to  this  surface,  to  (Vi  +  ai  =  \)   8".       If  the  spherical 

surface,  as  a  plano-convex  lens,  represents  —  r^^,  the  cylindrical,  as 

a  piano-cylindrical   lens,  —    -,    the   combined  spherico-cylindrical 

lens  gives : 

1      ^       1 

in  which  lens  tlie  negative  focal  distance,  in  the  axis  of  the  cylindri- 
cal surface,  amounts  to  18",  perpendicular  to  this  axis  to  (i;  +  i 
=  i)  6". 

It  is  now  easy  to  see  what  cylindrical  glasses  remove  the  different 
forms  of  astigmatism  (compare  p.  482).  Suppose  our  object  to  be 
to  correct  the  ametropia  at  the  same  time  with  the  astigmatism,  that 
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is^  to  bring  the  farthest  point  of  distinct  vision  to  an  infinite  distance 
(R=ao).     We  then  find: 

1.  Simple  myopic  astigmatism  is  corrected  by  a  simple  negative 
cylindrical  lens  (Rg.  163,  D,  E,  F)  of  a  focal  distance,  correspond- 
ing  to  the  degree  of  astigmatism : 

Am  =  — 
6 

by  glasses  of  —  -j  (?,  placed  at  i"'  from  the  nodal  point. 

2.  Compound  myopic  astigmatism  requires  a  negative  spherico- 
cylindrical  lens.  Thus,  not  taking  the  distance  from  glass  to  nodal 
point  into  account, 

M  -1  +  Am  i. 
20  ^  20 

is  corrected  by 

-  —sC^'-  ^-^c  (compare  Fig.  165,  B). 

3.  Simple  hypermetropic  astigmatism.  Ah,  is  corrected  by  simple 
positive  cylindrical  glasses  (Fig.  163,  A,  B,  C),  corresponding  to  the 
degree  of  the  astigmatism.     For 

a  glass  of 

1 

is  therefore  required,  placed  at  ^^  from  the  nodal  point. 

4.  Compound  hypermetropic  astigmatism  requires  positive  spherico- 
cylindrical  glasses : 

is  corrected  (the  distance  from  the  glass  to  the  nodal  point  not  being 
taken  into  account)  by : 

— »  #  O  —  c. 
18  9 

6.  Mixed  astigmatism,  lastly,  yields  to  bi-cylindrical  glasses : 
Amh  =  g  > 
composed  of 
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and 


i^'^-Ti"' 


composed  of 
by: 


Abm   =    rrf 


i  "  +  H  "■ 


1     ^      1 

These  short  examples  will  form  a  guide  in  the  choice  of  glasses,  when, 
with  the  astigmatism,  ametropia  is  at  the  same  time  to  be  corrected. 
But  it  is  not  always  desirable  to  attain  this  double  object.  Whilst 
by  correction  of  astigmatism  the  power  of  vision  is  under  all  circum- 
stances benefited,  and  we  almost  unconditionally  can  attain  to  it, — 
to  reduce  the  eye  at  the  same  time  to  the  state  of  emmetropia,  is 
often  not  indicated.  As  to  this  reduction,  the  same  rules  apply  in 
complication  with  astigmatism,  as  are  applicable  to  ametropia  in 
general,  and  which  we  have  stated  in  detail  when  treating  of  hyper- 
metropia  (§  23)  and  of  myopia  (§  32). 

It  therefore  only  remains  for  us  to  show,  how  to  find  by  calcula- 
tion the  necessary  glass,  in  complication  with  astigmatism,  when  it 
is  established  to  what  distance  R  must  be  brought. 

In  the  determination  of  the  astigmatism,  we  proceeded  from  inves- 
tigating the  refraction  in  the  two  principal  meridians.   Hence  the  ame- 
tropia common  to  both  meridians  was  deduced,  and  the  degree  of  astig- 
matism was  added  as  a  separate  value.  Thus  we  found  the  formula  for 
the  compound  astigmatism  both  hypermetropic  and  myopic.     If  we 
ow  revert  to  the  two  principal  meridians,  the  method  of  finding  the 
asses  which,  neutralising  the  astigmatism,  give  the  desired  value 
B  in  all  meridians,  is  extremely  simple.     Giving  to  B  a  value  of 
ff  80',  12'  signifies  nothing  else  than  communicating  to  the  eye  a 

ropia  of,  or  reducing  the  existing  myopia  to,  -—,  --,  — .     We 

^iU    if\)    XSiS 

therefore  from  the  ascertained  refraction  in  the  two  principal 
I  only  to  deduct  the  desired  degree  of  myopia,  and  if  we 
{lasses  which  completely  correct  the  then  remaining  ame- 
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tropia  in  each  of  the  meridians,  precisely  this  degree  of  myopia 
remains. 

The  following  examples  may  serve  to  illustrate  the  foregoing : — 

1.  Let  there  be  found : 

In  the  principal  meridian  h,  emmetropia, 

and  let  us  desire  to  bring  B*  to  18"",  then  we  obtain  by  deduction : 
in  H,  emmetropia  —  M  r-^  =  H  — , 

mv,Ml.-M^=Ml; 
and  to  correct  this  a  bi-cylindrical  glass  is  required  of : 

18  "^  '  ^'' 


2.  Let  there  be  in  the  principal  meridian  h,  M  =  ^^^^ 

»  >9  ^^  To' 

and  if  we  desire  to  bring  R  to  20',  we  find,  by  deducting  M  i, 
in  H,  M  tq  —  **  20  ~  c°"»etropia, 
inv,Ml-   M^  =  M^; 
so  that  the  object  is  attained  by  a  simple  cylindrical  glass  of  —  so  r. 

3.  In  H  let  H  =  i, 

o 

in  V  let  H  =  y^ ; 

if  we  desire,  for  reading,  writing,  &c.,  to  bring  E  to  18',  we  find  by 
deduction : 

mv,Hi-Mjg  =  H-   i, 

which  (compare  p.  506,  under  4'')  is  corrected  by: 

1       _  1 
9  '  --  9  "• 
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4.  In  a  case  of  astigmatism  let  there  be : 
m  V,  M  =  j^, 

m  H,  H  —  ^. 
And  if  we  desire  E  at  24',  we  obtain  by  deductioi 


m 


V,  M 


1-M^   = 
12  24 


Mi.. 


inn,  Hl--M^  =  Hi, 


12 
bi-c^ 


24 

so  that  to  obtain  the  proposed  object^   a 
required  of 

The  rather  complicated  method  here  desci 
cases  be  adopted,  but  this  is  not  always  neces 
together  with  compound  myopic  astigmatism^ 
myopia  exists,  which  we  wish  partly  to  maintaii 
only  be  reduced  to  the  desired  degree:  for  exai 
Am  A,  we  wish  to  retain  M  A,  this  will  be 
tracting  M  A,  and  thus  correcting  M  i  + 
3  —  «  ^-  Ii^  like  maimer  we  have  in  compound 
tigmatism  only  to  increase  the  hyperinetropia  whic 
by  so  much  as  corresponds  to  the  desired  value  ol 

1        .       Al.     1 


"l8+"9 


R  is  to  be  brought  to  IS'  by 


9^ 


9 


In  all  these  calculations  we  have,  for  the  sj 
omitted  the  correction  proceeding  from  the  disi 
glass  and  the  nodal  point :  indeed,  if  particularly 
not  required,  its  influence  is  so  slight  as  to  be  ii 
perceptible. 

In  the  employment  of  cylindrical  glasses,  it  is  c 
portancc  that  the  axes  of  the  surfaces  of  curvature 
in  the  principal  meridians  of  the  dioptric  system  o 
slight  deviation  causes,  especially  when  strong  glas 
perceptible  disturbance.     The  proposed  end  is  no^ 
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setting  circular  shaped  glasses  in  a  framework  with  rings,  so  that  by 
turning  rount!  the  glasses,  the  proper  direction  can  easily  be  given  to 
the  axis  of  the  cjlindrical  surface.  By  s«lighlly  moving  the  whole 
arrangemeut>  we  $000  observe  in  what  direction  the  glass  is  to  be 
turned ;  and  the  proof  that  it  has  acquired  precisely  the  right  direc- 
tion consists  in  the  correction  becoming  less  perfect^  the  power  of 
vision  less  acute,  on  gently  inclining  it  to  one  side  or  the  other. 
When  once  the  correct  direction  has  been  found  for  the  round 
glasses,  we  can,  if  it  be  preferred,  still  maintaining  the  directions  of 
the  axes,  have  them  ground  into  oval  glasses  and  phiced  ie  another 
framework.  That  in  the  use  of  cylindrical  glasses,  it  is  above  all 
things  necessary  to  take  care  to  have  a  well-adjusted  and  but  slightly 
movable  framework,  is  included  in  what  has  above  been  said. 


The  correction  of  regular  aatigmatism  by  meaiiB  of  cylinthical  glasses  is 
inc^paljlo  of  alisolute  perfection.  Apart  from  the  ambljopiai  which,  inde- 
pendently of  the  liglil-rcfractiTjg  eyatcin,  complicates  many  cases  of  astig- 
matism, the  acutcncsa  of  viaion  must,  even  with  the  most  accurate  correction, 
leave  something  to  be  desired,  because  the  afiymmetry  of  the  astigmatic 
eye  cannot  be  completely  coaiiteracted  by  tbe  presence  of  a  cylindrical  lens. 
Moreover,  the  correction  is  only  of  that  iiaiiire  that  the  po*»terior  focal 
points  for  the  different  meridians  are  brought  together  without  tbe  same 
being*  true  of  the  other  cardinal  points.  The  absolute  coincidence  of 
the  nodal  points  in  tbe  difterent  meridians  is  scarcely  attainable,  U  tliey 
lie  in  the  principal  meridian  of  slightcet  curvature  more  jHisteriorly,  correc- 
tion with  a  hi-convex  cylindrical  lens  brings  them  more  forward,  than  those 
in  the  meridian  of  greatest  curvature,  and  rice  tend  if  tbcy  be  situated 
more  anteriorly,  on  correction  by  a  bi-concave  cylindrical  lens,  they  are 
moved  more  backward.  In  this  is  implied  tliat  the  form  of  bodies^  on  cor- 
rection of  astigmatism,  is  elongated  in  a  direction  opposite  to  that  in  wliich, 
before  correction,  elongation  existed.  This  too  great  displacement  oi'  the  nodal 
points  becomes  less,  the  closer  the  cylindrical  glasses  arc  to  the  cornea,  and 
for  this  reason  also  it  i«  desirable,  in  the  use  of  sphcri co-cylindrical  glasses, 
to  turn  that  surface  towards  the  eye,  whereby  the  nodal  point  of  the  cylin- 
drical surface  lies  closest  to  the  organ.  If  l»olh  be  convex  or  concave,  the 
one  of  least  curvature  should  be  turned  towards  the  eye  ;  if  one  be  convex, 
the  other  concave,  the  concave  one  should  he  turned  towards  it. — llie 
change  of  form,  wiiich  is  the  result  of  cylindiical  glasses,  is  also  the  cause, 
why,  in  looking  for  glasses  of  the  required  slrtngtb,  we  can  less  advan- 
tageously make  use  of  the  change  in  acutencHs  of  vision  on  alteiing  the 
distance  between  tbe  glass  and  the  eje,  than  when  spherical  glasses  are  in 
question :  almost  always  the  glass,  both  the  convex,  though  it  be  too 
weak,  and  the  concave,  though  it  be  too  strong,  is  desired  close  to  the  eye. 
Moreover  it  is  easily  seen  that,  especially  in  using  hi -cylindrical  glasses,  the 
distance  from  the  eye  ought  to  be  short :  indeed,  in  proportion  as  the  dis- 
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tancc  increases,  the  images  become  in  one  direction  smaller  udiDiIkr. 
in  the  opi)osite  larger  and  larger,  and  under  this  donUe  influooe  tk 
change  of  form  must  make  itself  strongly  felt.  FuTthermaic,  it  is  to  k 
observed,  that  in  some  movements  of  the  cjCj  which  are  oonnectcdiniia 
obliquity  of  the  vertical  meridian,  the  direction  of  the  axes  of  the  cjiih 
drical  KurfaceH  no  longer  coincides  perfectly  with  the  principal  mendim 
and  the  correction  is  therefore  imperfect ;  whence  it  follows  that  in  OEI 
cylindrical  glasses  the  eye,  in  order  to  maintain  the  acuteness  of  n««.i 
somewhat  limited  in  its  movements.  However,  every  spectacle-gba,  ■ 
such,  necessarily  causes  limitation,  and,  in  fact,  experience  shows  thatintk 
use*  of  cylindrical  glasses  this  is  productive  of  no  particular  inconvnifOKi 
Finally,  to  omit  nothing,  I  shall  briefly  state,  that  the  accommodtfm 
changes  in  the  astigmatic  eye,  especially  after  correction  of  the  tsTTiiiBrtn. 
do  not  represent  absolutely  coincident  ranges  of  accommodation  in  bsQ 
principal  meridians,  so  thot  the  correction  by  definite  glasses  cannot  V 
equally  perfect  in  all  states  of  accommodation.  This  difference  is  hovc^ 
so  slight,  that  neither  can  it  give  rise  to  any  practical  difficulty. 

As  I  have  already  stated,  Airy  was  the  first  to  discover  abnormal  9^ 
matism,  in  fact  in  his  own  left  eye.     At  the  same  time  he  conceived  tbti 
cylindrical  glass  might  correct  the  asj*mmetry,  which  he  actually  fonndli 
be  the  case,  the  disturbance  of  xiaion  being    corrected  by  such  a  gl» 
The  form  of  his  astigmatism  was  the  compound  myopic.  Airy  conceived  tbtf 
if  he  had  two  concave  cylindrical  surfaces  ground,  with  axes  directed  po- 
pendiculurly  to  cncli  other,  I'ach  corresjwnding  respectively  to  the  degw 
of  myopia  to  hv  corrected  in  the  principal  meridians,  the  object  shooHl* 
attained,     lint  lie  correctly  gave  the  preference  to  a    negative  spherir*- 
eyliiidrieal  gla>s,  whereof  the  eoneave  spherical   surface  was  to  corrtvt  tii 
eomnion  myopia  of  the  two  principal  meridians,  the  concave  cylindri.'i 
the  still  remaining  simple  astigmatism.    And,  in  truth,  bi-cylindrical  elai»^ 
(with  intei-seetion  of  the  axes\  of  which  both  surfaces   should  he  titfcvT 
convex  or  concave,  are  never  necessary  :  they  moy  always  be  advantajre«"/U>^J 
replaced  by  spherieo-cylindrical  glasses.     The  bi-cylindrieal  lenses  ujjed  in 
Switzerland,  and  •:enerally  to  he  found  with  the  watehmakers,  whose  conux 
surfaces,  together  with  intersection  of  the  axes,  have  a   similar  curvatnn- 
in  their  action  closely  resemble  bi-convex  spherical    glasses,     llic  watt:- 
makcrs  assert  that  they  have  a  more  extensive  field  :   the  truth  is,  that  th: 
field  is  wider  in  the  direct icm  of  the  axis  of  the  surface  turned  towari 
the  eye,  but  narrower  in  the  opi>osite  direction,  so   that  tlie  form  of  th- 
distinct  field  of  vision    is  an  oval,  which  follows  the  movements  of  ti: 
lens  in  rotation.     These  lenses  can  the  less  vie  with  periscopic  sphered 
gla>ses,  as  with  them  the  forms  of  objects  seen  latenilly  apjiear  in  a  ptw 
liar  manutr  distorted. 

That  astigmatism  is,  to  a  certain  extent,  capable  of  correction  by  convii 
and  concave  spherical  glasses,  when  their  axis  is  held  before  the  €}* 
at  a  certain  angle  with  the  visual  line,  was  olready  known  to  Young  aci 
C'ary.     (See  the  quotation  at  p.  45f J.  i     It  oppcars  that  othei-s,  esi)eciaJly  i: 
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high,  degrees  of  myopia,  have  alao  made  use  of  thetn.  Tlius  we  read  in 
MTiite  Cooper  (on  Near  Siffhi,  etc,  London,  1853,  p.  19i>),  that  cases  uome- 
times  occur,  in  which,  in  consequence  of  a  peculiarity  in  the  form  of  tlie 
refracting  media,  or  in  the  scnBihility  of  the  retina  (?)  the  improTement 
cansed  hy  glasses  is  considerably  increased  '*  by  eloping  them  or  holding 
them  obliquely,"  and  that  he  hud  seen  a  striking  example  of  thia  in  a 
myopic  patient.  He  adds,  that  m  order  to  give  tlxe  desired  i)osition  to  the 
glass,  Carpenter  and  Wcstley  made  it  turn  in  a  second  ring,  contained  in 
the  ring  of  the  spectacle  franie.  Tliis  means  of  correcting  a&ligniatism  ia, 
however,  cupubJe  of  upplication  only  when  rel  a  lively'  strong  npherical 
glaaaeci  arc  required  to  neutralise  the  ametropia,  and  then,  too,  a  more  per- 
fect correction  will  be  attainable  hy  cylindrical  curvature  of  one  of  the  sur- 
faces. Only  in  aphakia  can  we  advantiigeously,  in  my  opinion,  in  order  to 
correct  a  certain  degree  of  astigmatism,  make  use  of  an  obhque  position  of 
the  glasses.  Almost  always  it  appears  that  when  we  give  a  certain  incli- 
nation to  the  strongly  convex  glass,  the  acuteness  of  nsion  is  improved,  and 
the  necessity  of  attending  strictly  to  this  point  in  every  c&se  of  aphakia,  is 
generally  recognised. 

Lastly,  we  must  not  omit  to  obaerre,  that  regular  astigmatism  might  also 
he  corrected  by  operation.  Iriddesis,  an  operation  brought  into  vogue  cliieflj 
by  Critchett,  would  be  serviceable  in  such  cases,  especially  douhle  irid- 
desis  in  opiMeite  directions,  as  practised  by  Bo'ttTnan  and  others  in  kerato- 
eonua  (compare  Critchett  and  Bowraani  in  Meparis  of  the  L&ndon  Ophthalmic 
Saspiialf  1859  and  1860).  The  pupil  is  thereby,  in  fact,  changed  into  a  nar- 
row slit ;  and  if  tlie  direction  of  this  slit  corresponds  to  one  of  tlio  principal  • 
meridians,  the  abeiTation  dependent  on  as^Tametry  would  certainh^  be  almost 
entirely  excluded.  The  indication  of  this  dtmhk  rnddcsiH  in  keratoconns 
I  cannot  admit :  in  this  case  the  cause  of  the  loss  of  acuteness  of  \^8ion  is 
not  the  difference  of  curvature  in  the  various  nieridiims,  but  rather  the 
conical  curvature  in  each  meridian  ;  and,  in  connexion  with  that,  Bowman 
has  proposed  some  modifications  of  iriddcsis  (comp.  the  treatment  of  utc- 
gnhir  astigmatism).  But  where  there  is  only  diflerence  of  curv ature  of  the 
several  meridians,  that  is  in  regular  astigmatism,  the  narrow  slit  obtained 
hy  double  iriddesis  would  undoubtedly  very  much  promote  acuteness  of 
vision.  However,  considering  that  we  have  it  in  oui-  power  to  obtain  the 
desired  correction  hy  means  of  cylindrical  glasses,  I  am,  looking  to  the 
greater  or  less  danger  of  the  operation,  and  not  less  to  the  deformity  which 
is  the  result  of  it,  far  from  rceommeuding  its  application. 


§  39.   KOSOLOGY   AND  CLIXICitL  SltJDY  OF  AsTlOMATlSM. — HlSTORY 

OF  oiui  Knowledge  of  the  Subject. 


Astiginatisra  is  either  congeuital  or  acquired*     In  tlie  great  ma- 
jority of  cases  it  is  coiigemtnl.     Il"  it  be  acquired,  it  is  (o  be  looked 
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upon  clinically  as  another  fonn  of  disease,  whose  practical  importanct 
has  become  more  and  more  e%4dent  to  me^  and  of  which  I  fihall 
separately  treat,  after  having  first  considered : — 

1.  Congenital  oitiffnudism. — This  anomaly  is  of  freqnent « 
rence,     1  am  as  yet  without  satisfactory  statistics ;  but  I  certa 
do  not  exaggerate  when  I  assert  tliat  in  forty  or  fifty  eyes,  one  i%1 
in  consequence  of  astigmatism^  disturbed  in  its  function. 

Boundaries  between  normal   and  abnormal  astigmatism  do  not 
exist.     When  it  attains  the  degree  of  A,  1  have  called  it  abno 
because  the  disturbance  of  vision  is  then  of  that  nature,  that  cjli 
drical  glasses  are  desirable  for  its  improvement.     But  otherwise  it  i 
evident,  that  the  limit  I  have  fixed  upon  is  rather  arbitrary.     Wit 
much  slighter  degrees  the  acuteness  of  vision  is  no  longer  perfa 
Tlius   I  was  formerly  of  opinion,  that  an  astigmatism  of  about 
such  as  exists  in  both  my  eyes,  under  no  circumstances  interfe 
with  the  distinctness  of  the  images,  and  was  therefore  not  capable  ( 
correction  ;  and  yet  I  found  that  k  c  (the  weakest  glasses  I  pos 
held  with  the  axis  perpendicular  before  my  eye,  unmistakably 
crease  the  distinctness  of  the  images,  while,  vice  versa,  with  the  axis  in 
a  horizontal  position,  the  same  glasses  produce  a  pretty  consideralil^y 
disturbance.     The  improvement  which  is  produced  by  the  additiofl^^ 
of  w  (?,  with  a  vertical  axis  is  now  most  striking.     Hence,  we  sre 
again,  that  too  high  a  degree  has  been  considered  as  normal  by  Dr^ 
Kuapp. 

The  cases  which  have  occurred  to  me,  presented  an  astigmatism  of 

from  jY\  ^^  Ti*     ^^^   ^^^  majority  it  amounted  to  more  than 

not  unfrequently  to  more  than  A- 

Astigmatism  is  often  hereditary.     Not  unfrequently  one  of  t 
parents  labours  under  the  same  defect.     But  more  frequently  sti! 
it  happens,  that  different  children,  born  of  the  same  parents,  exhibit 
this   anomaly,  and  mostly  in  the  same  form;  in  this  case  we  are 
equally  justified  in  calling  the  condition  hereditary,  as  when  it  occars 
in  one  of  the  parents. 

In  the  majority  of  instances  both  eyes  are  affected.  Often,  howeverj 
one  is  completely  or  almost  completely  free,    Mr.  R.  had  in  both  ey 
Ah  between  J  and  k ;  in  his  brother.  Ah  existed  =  t^  of  precised 
the  same  form,  only  in  one  eye:  his  left  eye  was  almost  perfect! 
free  from  astigmatism.     It  is  remarkable  that,  with  such  a  difference 
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between  the  two  eyes^  the  upper  part  of  the  ftice  Hkewise  is  usually 
asynamctric.  Also,  wlieii  a  high  degree  of  ametropia  occurs  only  on 
one  sidcj  asymmetry  of  the  bone^  bounding  tlie  orbit  is  a  very 
common  phenomenoiL  This  is  eouiiected  with  the  peculiarities  in 
the  form  of  the  face  iu  myopic,  and  especially  in  hypermetropic,  in- 
dividuals,— an  important  subjectj  which  has  already  long  engaged  my 
attention,  but  on  which  I  cannot  here  further  dilate. 

Thus  far  I  have  met  with  many  more  cases  of  abnormal  astigma- 
tism iu  men  than  in  women.  I  do  not,  however,  feel  justified  in 
assuming  that  this  is  not  partly  accidental.  This  point  must  remain 
for  future  decision. 

As  to  time  of  life,  it  is  evident  that  this  can  have  no  influence. 
So  long  as  the  power  of  aecommodation  remains  active,  the  dis- 
turbance of  vision  from  a  moderate  degree  of  astigmatism  is,  how- 
ever, productive  of  less  inconvenience.  Slight  cases,  therefore,  usually 
first  present  themselves,  when  the  range  of  accomraoclution  (about  the 
thirtieth  year)  is  already  perceptibly  diminished,  while  in  high  de- 
grees of  astigmatism  the  disturbance  is  early  remarked,  and  the 
ophthalmic  surgeon  is  not  unfrequently  consulted  even  before  the 
patient  has  attained  his  seventh  year.  On  the  other  hand,  at  an 
advanced  period  of  life,  in  consequence  of  the  diminution  of  the  pupil, 
a  certain  degree  of  astigmatism  produces  less  disturbance.  With  all 
this  the  astigmatism  certainly  maititains  about  its  original  degree. 

The  disturbance  of  vision,  connected  with  this  anomaly,  is  very 
peculiar.  It  is  neither  to  be  compared  with  that  proceeding  from 
defects  of  the  retina  (atiiblyopia),  nur  witLi  that  from  obseuration  of 
the  media,  nor  even  with  that  which  is  the  result  of  ametropia.  In 
the  ordinary  forms  of  amblyopia,  the  projection  into  the  field  of 
vision  is  uncertain  and  not  accurately  circumscribed ;  in  obscurations 
the  diffuse  light  scattered  over  the  retina  produces  a  mist  before  the 
eye,  which  diminishes  the  contrast  between  light  and  shade  of  the 
abjects;  in  a  state  of  refraction  not  corresponding  to  the  distance 
at  which  the  objects  are,  each  point  is  rej>resented  by  a  circle  of  dif- 
fusion, and  by  the  mutual  overlying  of  these  numberless  circles,  the 
contours  of  the  objects  are,  as  it  were,  effaced.  In  astigmatism,  on 
the  other  hand,  in  contrast  to  amblyopia,  the  projection  in  the  field  of 
vision  is  as  yet  perfectly  accurately  defined,  and  is  correctly  described  : 
thus  the  astigmatic  individual  will  state,  to  the  minutest  particulars, 
under  what  partly  black,  partly  grey  lines,  a  figure,  for  example  the 
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compound  roman  letter  W,  appears.  Bat  the  retinal  image  itselfi  | 
in  an  unaltered  shape  before  the  eyes,  bj  the  projection,  deriatei  i 
form  and  in  distribution  of  light  so  much  from  the  object,  that  be  is  i 
in  a  position  to  recognise  the  Litter  from  it,  at  least  when  the  imago 
of  different  adjoining  objects  cover  one  another^  and  the  component 
Unesj  in  all  directions  and  with  different  degrees  of  distinctness,  crooi 
one  another.  Clearly  also  irregular  astigmatiafn  here  plays  a  gnat 
part :  it  causes,  that  in  the  meridian  wherein  the  refraction  defiatei 
most  from  the  required  condition  of  accommodation,  double  imagn 
arise^  which  may  exceedingly  magnify  the  confusion.  It  is  now  iiB^ 
to  understand  how,  in  the  endeavour  to  guess  at  the  form  of  objects, 
from  the  alternating  images  which  appear  in  the  agitation  of  accom- 
modation, psychical  fatigue  is  soon  created,  with  which,  under  some 
circumstances,  as  the  result  of  the  excessive  tension  of  accommoda- 
rion,  phenomena  of  asthenopia  are  combined.  It  is  therefore  no 
wonder  that  astigmatic  persons  should  feel  so  exceedingly  pleased  at 
the  correction  of  their  anomaly,  and  should  manifest  their  pleasure 
in  a  more  lively  mannc^r  tlian  ordmary  araetropic  individuals. 

It  has  already  been  shown,  that  regular  congenital  astigmatii 
generally  depends  upon  asymmetry  of  the  cornea,  while  the  cases  il 
which  the  lens  plays  t!ie  principal  part,  are  among  the  rarest  exception 

A. — Of  congenital   regular  astigmatism  of  the  cornea  we  hav 
from  the  point  of  \^ew  of  refraction  in  the  two  principal  meridia 
distinguished  three  forms  (compare  p.  482)  :  the  myopic,  the  hyj 
metropic,  and  the  mixed.     Each  of  these  has  its  peculiarities, 
will  best  appear  by  describing,  after  a  short  introduction,  one  or  more" 
cases  of  each  form, 

1,  Afyo/Ac  astlgmatism.-^Oi  this  we  have  two  forms:  a,  rimple 
mjopic  astigmatism.  Am,  when  emraetropia  in  the  one  prind|) 
meridian  is  combined  with  myopia  in  the  other ;  i,  compound  myop 
astigmatism,  M  H-  Am,  when  myopia  exists  in  both  tlie  principal  me 
dians,  but  in  a  different  degree.  To  this  latter  form  belong 
among  others,  the  case  of  Airy* 

At  first  I  supposed  that  myopic  astigmatism  occurs  only  excep- 
tionally. The  first  cases  which  I  saw,  all  belonged  to  the  hyperma 
tropic  form,  a  few  to  the  mixed*  Subsequently,  the  proportio 
changed,  and  now  I  think  it  may  be  established,  that  iu  eight 
of  astigmatism  nearly  one  belongs  to  the  myopic  form.  In  gene 
however,  it  is  only. 
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a.  Simple  myopic  asti^maihm.— Ahsdlnie  emmetropia  in  one  ot 
the  principal  raoridions  is  a  condition  not  easily  met  with.  Strictlj 
speaking,  therefore,  cases  of  mmple  mjopic  astigmatism  scarcely 
occur. 

But  shall  we,  where  the  slightest  trace  of  myopia  e-xists  in  the 
cond  meridian^  consider  the  anomaly  to  be  compound  myopic,  or 
when  combined  wit  li  the  legist  trace  of  iiypermetropia,  to  he  compound 
hypermetropic  astigmatisoi  ?  This  wouklj  it  appears  to  me,  not  be 
practical.  To  the  idea  of  simple  astigmatism  a  certain  latitude 
mu5t  be  allowed,  M  =  ^  in  genr ral  requires  no  correctioHj  nor  does 
H  =  ra  in  young  persons:  a  sim]>le  cyhndrical  glass  is  then  quite 
sutficient.  Only  it  will  appear,  that  in  proportioD  as  correction  by 
a  simple  cyhndrical  glass  leaves  a  little  H  or  M,  as  accommodation 
diminishes,  respectively  earlier  or  later  than  nsmil,  combination  with 
a  convex  spherical  surface  will  be  required  for  near  objects. 


■  Case  i.  Simple  myopic  asiiffmatism, — Mr.  0,,  stadeut  in  divinity,  now 
twenty-one  years  of  age,  consulted  me  thr<?e  years  sinee.  I  diagnosed  my- 
opia about  ^  Tfl*  complieatA'd  witJi  amblyopia.  The  degree  of  myopia 
WM,  howevLft  not  strii:tly  defiuable,  oti  account  of  the  diminished  actitetiesa 
of  vision.  The  latter,  in  fact^  amounted  to  scarcely  },  so  that  the  patient 
could  distingmah  ordinary  print  only  at  a  shoit  distance,  in  which  the  ex- 
isting; myopia  was  very  serviceable  to  him. 

He  hod  large  promiaeat  eyes,  clear  media,  only  a  trace  of  atrophy  of  the 
membi-anes,  on  the  outside  of  the  optic  di.sc,— moreoveft  tlm  disc  was 
redder  than  is  nonniilly  the  cose,  witliout  being  redder  than  it  usually  ap- 
pears ia  yoinig  myopic  persona,  who  read  and  write  much.  He  thought 
that  his  power  of  vision  had  latterly  diminished  \  but  he  had  never 
had  easy  sight,  and  had  never  been  able,  particularly  in  the  evening,  to 
continue  long  at  a  time  engaged  in  close  work. 

Such  a  disturbance  is  very  commoQ  in  myopes.  But  in  them  it  has 
uanally  developed  itaclf  at  a  definite  time,  and  as  the  result  of  continued 
work  in  a  stooping  position,  while  the  power  of  vision  had  previously 
heevk  quite  sufficient.  I  have  thei*efore  doubted,  whether  in  this  case  the 
cause  of  the  amblyopia  was  to  be  sought  therein,  and  moreover,  derivative 
me&QSf  artificial  leeches,  cold  douches  to  the  eye,  &e*,  were  employed  in 
vain.     Finding  no  improvement,  the  patient  ceased  his  visits. 

Some  weeks  ago  he  again  presented  himself.  His  power  of  Wsion,  he 
srtated,  was  so  defective  that  he  feared  lie  should  not  be  able  to  continue 
his  studies,  lie  was  anxious,  before  finally  making  up  hi^i  miatl*  to  consult 
me  once  more.  My  fonner  notes  w^ere  referred  to.  I  immediately  sus- 
pected that  astigmatism,  previously  overlooked  by  me,  must  exist  in  this 
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In  favourable  light  he  saw  with  both  eyes,  and  with  each  eje  8epamtc!|i 
No.  1  at  the  diatance  of  from  2^''  to  3',  At  a  great  distance  the  acttteacM 
of  y'muii  waa,  for  the  right  eye,  ^  i,  for  the  left  eye,  ^  J-  NegatiTe 
glasses  improved  the  sight,  bat  compHratively  little :  and  yet  he  prefernxl  & 
strong  ghijis,  about  ^^t  with  ^hich  the  acutenesti  of  yisioo  rose  to  L  The 
existence  of  airtigmatiflm  had  thus  beeonie  probable. 

We  thervfcire  proceeded  to  the  trial  with  the  point  of  light  («Mnp<iPP  {i* 
454).  The  right  eye  saw  the  point  of  light  as  a  line  /,  incUuing  nearly  30* 
utUwardA,  and  to  it,  armed  wiUi  J,,  the  line  appeared  still  longer  and 
{slighter ;  with  ^  and  with  ^  tt  was,  on  the  other  hand^  at  the  same 
broader  and  eamplitat^^  with  secondary  lines.  With  fitim  —  |^ 
the  image  was  nearly  round,  with  — ^  1  it  wa«  spread  out  in  a 
|H'rpendiGuIar  to  ita  primary  one.  It  waa,  howeTcr,  rather  changeable,  lo 
that  the  glass  with  which  the  motrt  slender  horizontal  image  waB  obtained 
was  difficult  to  define,  the  more  so,  m  thia  image  waa  not  a  pur©  line,  but  & 
rather  compound  figure  extended  in  a  recumbent  position.  Tlie  vye  wia 
now  armed  with  ,^j,  and  a  negative  glass  was  alternately  placed  before  the 
poeitive  one,  on  which  the  opposite  directions  formed  a  cross,  which,  when 

the  negative  glass  was  -;—  consisted  of  the  slendercsft  liness. 

ITie  direction  of  both  principal  mcridia^is  was  thus  ascertained.  Through 
a  alit,  I J  mm,  wide  ,  held  in  the  direction  of  the  horizontal  prin- 
cipal meridian,  the  acuteness  of  vision  rose  to  Jt  positive  and  negativie 
ghlsses  held  in  fit^nt  of  the  slit  produced  no  further  improvement.  The 
same  slit,  held  before  the  vertical  principal  meridian,  produoed  no  essentid 
advantage  ;  on  the  addition  of  —  ^  the  acuteness  of  vision  rose  to  y.  Am 
to  reading  at  a  short  distance,  this  was  only  slightly  improved  by  looking 
tliroug!i  tJie  horizontal  slit,  on  the  contrary  it  was  very  considerably  im- 
proved by  looking  through  the  vertical  slit. 

»A  gloss  of  /fl  f ,  the  axis  of  the  surface  being  held  in  the  direction  of  the 
vertical  meridian»  caused  No.  I  to  be  easily  read  at  nearly  double  the  di»- 
tance,  {jC,  and  J  c  at  more  than  double  the  distance ;  on  the  contrary,  when 
the  axis  of  the  cylindrical  surfaces  coincided  with  the  horizontal  principal 
meridian,  even  No.  IX  could  no  longer  be  deciphered.  At  a  distance 
—  y'j  e,  the  axis  coinciding  with  the  horizontal  principal  meridian,  was  found 
excellent :  with  it  tlie  acut«;}ne88  of  vision  rose,  under  favourable  circum- 

stances,  nearly  to  - .     Tlie  patient  had  never  before  hod  an  idea  what  acute 

vision  was,  and  felt  uneonmionly  happy. 

Black  lines,  inclining  30"  outwards,  were  pretty  accurately  seen  ut  a 

■  distance  without  glasses,  while  lines,  perpendicular  to  these,  were  scarcely 
recognised  as  lines,     WTien  a  glass  of  —  =^  was  held  before  the  eye,  the 

I      greatest  shiirimess  of  the  latter  was  obtained,  and  the  first  could  only  with 

I      tension  of  iiccomniodation  be  tolerably  satisfactorily  seen* 

I  Time  did  not  admit  of  the  radii  of  curv  ature  of  the  cornea  bcdng  messiircd. 
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Tliat  asymmetry  existed  in  this  coat  could,  howeveri  be  inferred  from 
the  form  of  the  reflected  image  of  ii  sqinire  surfaee  inclining  30*, 

The  atrophy  of  the  loeinhranci^,  ohatrvahle  on  tht*  oulsidu  of  tlie  optic 
disc,  had  iiicnoMod  since  the  firnt  examination.  The  retinal  vesftiels, 
running  in  the  direetion  of  the*  vertical  principal  meridian,  were  in 
the  non-inverted  image  aceuratcly  recognised  by  an  emmetropic  eye ;  in 
order  to  see  those  running  in  the  direetion  of  tlic  hort«ontal  nieridiiin  in 

the  uon-inverted  image,  a  negative  glass  of  about  —  r^:  wa«  required.  In 

the  inverted  image  it  was  difficult  to  establish  the  difference  in  distance  of 
the  variously  directed  blood  ►vessels. 

The   Ujt  eye   presented  a   remarkable   eorreapondenee  with  the  right. 

Here,  too,  Am  existed  about  ^  — •,  and  the  vertical  princi|Mkl  meridian  in- 
clined about  30®  outwards  \ .  A  more  accurate  description  appears  therefore 
to  be  quite  superfluous. 

Mpirrisis^  f/r  crilical  remark fi,* — The  cose  here  described  is  one  of  the 
thousands,  in  which  astigmatism  has  been  looked  upon  as  amblyopia,  and 
has  been  treated  as  such.  If  the  aimless  and  energetic  treatment  W08  only 
vexations  to  the  patient,  Iiis  joy,  when  he  found  his  sight  at  all  distanees 
improved  by  suitable  glasses,  was  indescribably  great.  He  was  accustomed 
always  to  hold  even  large  print  at  a  very  abort  distance  from  the  eye, 
partly  in  order  h}-  looking  under  a  greater  angle  to  make  amends  for  his 
diminished  aeuteness  of  vision,  partly,  as  an  associated  movement,  with  the 
convergence  and  tensicm  of  accommodation,  to  contract  his  pupil,  and 
thereby  to  duuinish  the  diffusion-images.  On  this  excessive  tension  of  ac- 
commodation required  for  more  aocurate  definition,  depend  the  phenomena 
of  asthenopia,  usually  observed  in  astigmatic  persons.  Probably  the  am- 
blyopia remaining  after  correction  of  the  astigmatism,  is  likewise  a  result 
of  the  excessive  strain  C4>nneeted  with  the  atrongly  stooping  ijosition  so 
i^jurioua  to  the  eye— It  will  have  been  observed  that  the  patient  saw  better 
at  a  distance  with  tolerably  strongly-negative  spherical  glasses  :  this,  too, 
appears  attributable  to  the  fact,  that  the  tension  of  accommodation  reciuircd 
in  the  use  of  these  glasacs,  gave  rise  to  oonstnctton  of  the  pupil,  and  thus 
to  diminution  of  the  difl^ion-images* 

I  prescribed  for  the  patient  provisionally,  only  glasses  of  —  |-r  c,  with 

which  he  saw  bothdisiimt  and  near  objects  satisfactorily.  His  range  of  accom- 
iiiodadon  amounted  to  nearly  J,  and  as  he  bad  accustomed  himself  to  strain 
hia  power  of  accommodation ,  it  cannot  appear  strange,  that  he  at  first  re- 
quired uo  other  spectacles  for  reading  and  writing.  However,  it  is  to  be 
expected,  that  the  excessive  tension  of  accommodatioa  will  soon  cea8e,  and 


•  This  term,  employed  in  the  original,  ought  to  be  introduced  into  our 
medical  vocabulary;  it  has  the  sanction  of  Galen   for  its  use — ^  rwy  did 
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•hoald  eontisiMd  work  tlien  < 

OMrnd  him  the  nw  of  bi-cjlindncal  glamw  of 

whei^hr  the  Mti|;nuituiD  aliAli  be  eomcted,  and  m  oli^iit  dejene  of  myopit 
in  all  mcridiaiu  fthall  be  prodnoed.  Should  the  aeatcness  of  t  jdon  beeooe 
pffrfect,  of  which  ^now  that  exctmirt  teuioii  in  a  stooping  pooitioo  is  no 
longer  necewutryj  there  is  tome  prospect*  he  will  not  reqnire  theae  latter 
ghuMK-a  until  a  more  advanced  period  of  life. 

6,  Cf/Mpound  myopic  oAt'tgmatvmiy  M  +  Am. — Of  compound 
myofiic  a«tigmati.«<m  I  have  seen  oiilj  a  few  cases.  It  occurs  mider 
the  form  of  myopia,  complio^ed  with  ambljopia.  It  is  ea5flj 
recognised  according  to  Air/s  method.  This  accounts  for  the  fact  that 
thi«  form,  notwithstanding  its  rarity,  was  the  first  to  be  discovered. 
Eyes  80  affected  see  near  comparatively  better  than  distant  objects; 
and  by  spherical  negative  glasses,  which  correct  the  myopia  in  the 
principal  meridian  of  greatest  curvature,  the  acuteness  of  vision 
of  distant  objects  is,  particularly  in  young  persons,  improved.  Per- 
fect acuteness  of  vision  at  a  distance  is,  however,  attainable  only 
by  means  of  negative  spherico-cylindrical  glasses,  while  for  near 
object^  when,  as  occurred  in  most  of  the  cases  observed  by  me,  the 
myopia  is  slight  in  tlie  principal  meridian  of  weakest  curvature, 
simple  negative  cylindrical  glasses  are  in  general  the  best. 

Oask  it.  Compound  mi/opic  astu/matisin, — While  these  sheets  are  passing 
through  the  jifchm,  a  (tiiKC  occurs  to  me,  remarkable  enough  to  justify  its 
insert  ion  here.  Mrs.  F.,  nearsighted  from  youth,  and  having  in  neither 
vyv  |)crfect  acutciiesH  of  vision,  complained  some  years  ago,  of  occasionally 
reeuiTing  fiickerings  before  the  right  eye,  followed  by  a  very  transitory 
diHturhan(*e  of  vision.  About  six  months  since  these  fiickerings  returned, 
but  on  this  occasion  tlie  disturbance  of  vision  was  permanent.  At  first 
there  was  a  considcmblc  scotoma,  in  which  the  yellow  spot  was  included, 
whih»,  moreover,  the  superior  half  of  the  field  of  vision  in  general  appeared 
fainter.  After  numerous  slight  modifications  in  form,  during  the  first 
weeks  after  it  set  in,  a  small,  circumscribed  scotoma  finally  remained,  in 
part  absolutely,  in  part  relatively,  insensible,  with  a  defined  boundary, 
projecting  almost  immediately  above  the  point  of  direct  vision;  in  the 
higher  pai*ts  also  of  the  field  of  vision  a  slight  degree  of  torpor  remained. 
Tli(»  vyv  reads,  however,  but  not  without  trouble,  while  the  line  above  what 
is  read  is  in  great  part  invisible. 

The  oj)htluilnu)scopic  investigation  is  negative.  Certainly  nothing  ab- 
normal is  to  be  seen  in  the  portion  of  the  retina  corresponding  to  the  sco- 
tonui  (bordering  inferiorly  upon  the  yellow  spot),  and  whether  the  smooth, 
glittering  appeanmcc  t)f  a  part  of  the  optic  disc  is  to  be  considered  as 
duo  to  atrophy,  is  at  least  very  doubtful. 

The  lefl  eye  gives  M  about  =  |'y»  ^^t  at  the  same  time  possesses  acuteness 
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of  vision  of  only  J,  Ophtbalmoscopically,  no  abnormity  was  found*  Smb- 
pecting  astig-matisttj,  I  turned,  while  the  eye  was  armed  with  —  J,  j^  c 
round  before  the  eye,  and  thereupon,  Uie  axiai  being  horizontal,  the  aeuieness 
of  vision  immediately  roae  to  },  to  descend,  when  it  waa  perpendicular, 
below  ^.     Trial  with  the  point  of  light  gave,  with  the  addition  of  a  weakly 

MtLre  glAss,  an  extension  in  breadtli ;  %vith  a  negative  glaas  of  —  \  or 
M^rcelj   any  extensiuu  in    leugth.      Much  irregular  a&tigniatism 
exists. 

Witli  the  aid  of  the  fitenopseic  slit  I  found : 
in  T,  M  ^t{,|| 
in  H,  M  =:    If 
indicating  an  astigmatiam  of  ( {  —  j^^)  aliout  i^. 

At  a  distance,  horizontal  strokes  are  seen  better  than  vertical  j  with  y'^ 
the  horizontal  are  perfectly  defined,  and  at  the  »ame  time  the  vertical  ones 
have  become  more  diirtinct,  attaining  perfect  distinctness,  however,  first 
with  ^  J. 

Without  glasses  No.  I  ia  reeogniaed  at  the  distanoc  of  about  5".  With 
^  c,  the  axis  being  horizontal,  whereby  in  all  meridians  M  ^  J,  No,  I  is 
read  at  8':  the  greater  acuteiiess  is  very  striking ;  the  patient  emphatically 
distinguishes  between  simple  recognition  and  ocnte  vision*  The  right 
eye  ia  found  to  be  atfected  by  the  same  form,  and  by  almost  the  same 
degree  of  As  as  the  left, — For  botli  eyes  I  prescribed, 

(1.)  —  13*  C  —  11  ''i  ^^  ^  double  eye-glass  for  distant  objects,  whereby 

(2,)  j'j  c,  whereliT  H  h  brought  to  9', — very  wadl  adajHod  for  seeing 
minute  objects  aecuratelvt  and 

(3.)  —  5!j  «  C  ^ —  II  ^*  whereby  R  is  brought  to  lie  at  4  i  feet ;  these  glasses, 
apeciiilly  destined  to  look  at  the  models  which  is  painted,  might,  at  plea- 
sure, be  worn  »«  spcctiicles* 

I  shall,  moreover,  have  a  glass  ground,  in  which  the  cylindrical  sui-faco 
shall  reprt'^nt  —  3',,  and  the  sijhericiil  surface  tihall  have  two  foci  {verres 
d  douhU  /(^cr),  acting,  namely,  in  itj*  upper  part  as  —  ^g,  in  its  lower  as 
^  or  as  —  ^.  By  this  the  astigmatism  will  be  removed,  and  the  farthest 
point,  seen  through  the  upper  part  of  the  glass,  will  be  brought  to  4 4 
feet,  through  the  inferior,  to  15*'  or  20*  respectively. 

ICemarks,—!  have  already  (p*  60)  stated,  that  in  almost  all  the  cases  of 
abnormal  ustigmatism  observed  by  me,  without  execplion,  the  principEil  meri- 
dian of  maximum  of  curvature  approximated  to  the  vertical  position.  In  the 
case  here  described  we  fiiid  the  confirmation  of  the  rule  i  that  there  b  00 
rule  without  an  exception.  Here,  in  ftict,  just  as  with  Young,  the  maximum 
of  curvature  coincides  nearly  with  the  hoi  izontal  meridian,  the  minimum  of 
curvature  with  the  verticaL  The  patient  had  not  lieen  aware  that  she  saw 
less  acutely  than  other  people,  I  theretbre  think  it  probable  that  Young 
aUo,  whose  astigmatism  was  of  about  the  same  degree,  incorrectly  ascribed 
perfect  acuteness  of  vision  to  himaeif ;  and  should  many  of  his  accurate 
obser^'ations  be  adduced  as  proofs  of  the  contrary,  I  would  fetate,  on  the 
other  hand,  that  my  patient  drew  and  painted  very  respectably,     'fhia  a' 
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parent  enigma  is  easily  solyed.  Myopic  peraons  are  aocostomed,  in  ardn 
to  see  more  acntcly,  to  squeeze  their  eyelids  close  together :  the  nsnov 
slit  thus  produced  diminishes  the  circles  of  difiusion  in  the  vertical  dimeii- 
sion.  If  aHtigmatiHm  coexist,  a  narrow  slit  has  a  douhly  advantagvooi 
effect,  as  it  allows  only  the  rays  to  enter,  which  fell  in  meridians  of  nfitriy 
equal  radius  of  curvature.  Hence  it  follows  that,  while  ordinaiy  mjopo, 
from  narrowing  the  slit,  derive  advantage  only  in  looking  at  remote 
objects,  situated  beyond  the  distance  of  distinct  vision,  astigmatics  findtlieir 
power  of  vision  improved  also  for  near  objects.  A  very  slender  slit  almort 
entirely  removes  the  disturbance  dependent  on  astigmatism,  and  the  anrl»- 
ness  of  vision  would  thereby  become  nearly  perfect,  if  the  disadvantage! 
of  diffraction  and  diminution  of  light  did  not  intervene.  My  patient  un- 
doubtedly also  made  use  of  narrowing  the  slit,  even  in  looking  at  near  ob- 
jects, and  the  question  is  whether  Young  did  not  also  do  so.  Meanwhile  %ht 
was  loud  in  her  commendation  of  the  advantage  obtained  from  a  cylindrical 
glaHs:  little  pictures  especially  were  with  it  seen  much  more  acutely. 
And  by  holding  a  cylindrical  glass  before  the  eye,  non-astigmatic  persoiu 
can  easily  convince  themselves,  how  rapidly  the  definition  of  a  picture 
suffers  from  that  defect. 

NaiTowing  the  slit  between  the  eyelids,  so  universal  in  myopia,  does  not 
belong  to  astigmatism  in  general.  Especially  in  hypermetropic  astigmatiaB 
it  is  almost  always  absent.  This  would  appear  to  have  its  explanation  in 
the  fact,  that  in  this  instance,  in  the  horizontal  meridian  a  high  degree  of 
hypormetropia  exists,  which,  not  being  overcome  by  the  accommodation, 
leaves  great  diffusion  in  this  dii-ection,  and  therefore  affords  no  advantage. 
Could  the  eyelids  admit  of  a  vertical  slit,  hj-permetropic  astigmatics  would 
undoubtedly  have  made  use  of  it. 

The  scotoma  which  exists  in  the  right  eye  of  my  patient,  is  in  no  way 
connected  with  the  astigmatism. 

Respecting  the  glasses  prescribed,  little  remains  to  be  said  :  only  a  word 
in  reference  to  the  glasses  a  double  /oyer.  In  old  people,  with  acquired 
hyjjcrmetropia,  I  have  often  applied  them  with  much  advantage,  for  ex- 
ample, positive  glasses  of  ^  in  the  upper,  of  |\,  to  J  in  the  lower  part. 
Moreover,  in  painters,  who  in  the  upper  part  desired  and  also  really  needed 
R  :=  x,  in  the  lower  part  =  24"  to  12*.  My  patient  used  —  At  in  order 
to  see  at  a  distance ;  and  in  painting,  looked  over  her  spectacles.  At  the 
same  time  narrowing  the  slit,  she  had  her  farthest  point  at  only  9^.  This 
distance,  in  one  sense  too  short,  made  good  on  the  other  hand  the  want  of 
acuteness  of  vision.  I  thought,  the  habit  once  formed  of  painting  at  so 
short  a  distance,  that  the  farthest  point  might  be  brought  to  not  more  than 
15"  or  20'. — So  far  I  had  never  yet  combined  a  cylindrical  surface  with  a 
spherical  one,  ^  double  foyer.  Such  a  combination  cannot,  however,  in  my 
opinion,  produce  any  inconvenience. 

2.  Hypermetropic  astigmatism, — Most  cases  of  abnormal  astigma- 
tism belong  to  the  hypermetropic  form.     In  general  experience  has 
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shown,  that  in  hypermetropic  eyes,  even  when  the  astigmatism  con- 
tinues witliin  the  hinits  of  the  norind,  the  asymmetry  is  greater  than  j 
in  myajnc  and  etfimetropic  eyt\s ;  and  it  is  therefore  not  surprising 
that  precisely  those  eyes  are  also  most  subject  to  abnonnalj  and 
indeed  to  the  highest  degrees  of  astigmatism.  We  sliall  cer- 
tainly not  be  far  from  the  truth  in  assuming,  that  of  six  hyper- 
metropic eyes,  one  suffers  from  abnormal  astigmatism,  aiul  that 
the  imperfect  acuteness  of  vision  so  often  comljined  with  hyperme- 
tropia  is,  in  one-half  of  tbe  cases^  in  a  great  measure  attributable  to 
astigmatism. 

The  majority  of  cases  belong  to  mntple  hypermetropic  astigmatism. 
Wliile,  namely,  in  the  horizontiil  meridian  the  hypennetropia  is  con- 
siderable (from  in  to  J  and  more),  we  find  in  the  vertical  if  not 
emmetropia,  at  least  such  slight  degrees  of  myopia  or  of  hypernie- 
tropia,  that  the  limits  of  simple  hypermetropic  astigmatism  are  not 
surpassed.  However,  I  have  also  seen  numerous  cases  of  compound 
hypermetropic  astigmatism,  rising  even  to  11  }  in  the  principal 
meridian  of  strongest  curvature  with  11  i  in  that  of  weakest, — In 
young  persons  hypermctropia  in  the  meridian  of  maximnra  of  curva- 
ture appears  ilrst  on  artificial  paralysis  of  the  accommodation. 

As  to  the  form  of  the  eyCj  I  would  rctnind  the  reader,  that  in 
hypermetropic  astigmatism  the  radius  p^  of  the  cornea  in  the  hori- 
zontal meridian  is  often  unusually  great.  Moreover,  we  can,  in 
extensive  movements  of  the  eye,  often  satisfy  ourselves,  that  the 
visual  axis  is  short,  and  that  the  vertical  axis  of  the  globe  is 
less  than  the  horizontal. 

Tlie  function  of  the  eye  characterises  the  condition  as  H,  with  di- 
minished acutencss  of  sight.  With  this  a  great  degree  of  asthenopia 
is  connected.  For  a  short  while  large  print  can  still  be  read,  but  soon 
fatigue,  and  sometimes  even  pain,  occurs.  One  of  the  patients  (with 
Ah  =  to)  aged  26,  recorded  the  following  :— "  My  occupation  is  that  i 
of  a  clerk.  The  first  effort  to  work  was  the  most  paiiifuh  There- 
upon dazzling  soon  followed,  obliging  me  to  shut  my  eyes,  aud  to 
keep  them  closed  for  some  time.  After  that  my  work  went  on  some- 
what better,  but  I  found  it  impossible  to  work  alt  the  forenoon  \  I 
was  constantly  obliged  to  leave  off.  At  the  end  my  eyes  were  pain- 
ful, and  I  felt  best  when  I  walked  for  a  considerable  time  in  the  open 
air,  out  of  the  sun.  In  the  evening,  by  gaslight,  my  work  went  on 
at  first  pretty  wellj  but  soon  red  dazzling  came  on.     I  was  then 
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i  lo  kite  of ^  fill  «iiii 
.*  Be  got  i  r  to  vork 
^oiciM  Co  Ae  :^''  Ou 

^  I  JbnuJ 
.    I  mm  «««j; 
Li  Ike  efrmiaf  1  ^qmenoed  act  die  ilin^ 

IH^  I  Mm  free  fim  pa,    SpBdado  «» 
(atdiftmrT  ^bokal  fiamji  im  'leeii  of  no  - 

Li  hJiiiiMrtufi   mkjmtw  i  lb  fk* 
iMfwred  hf  pP«lm 

H.    1  :^6UM  a  itotk  ki^  h 

Honoatal  iMrif^  ur,  Boteofer,  Ken  il  a 
tkaa  f        il  omm.    Some  bafe  of 
flVOi  ■  a  St  Dstsked.     In  tllis 

pfcdaelj  Om  ofipodle  of  vka  ve  otMfffe  ik 
B  liie  L4ller»  vertbd  ham  aJooe  are 
oaflhr  in  t]»e  sim|fle  Ibms  Am  and  Alit 
marked,     Bj  id^as  of  a  fplieocal  fii^^tiiT 
Am  iDto  Ah;  and  by  a  poskire.  Ah  into  A&i« 
tinctlr  seen  Mtipes  bdnf  at  tiie  same  drae  ifift^ 


4a 


case. 

Cask   iu.    Am  tin   the  riffkt,  tritk  Ah  m  Ife  iej 
hurgonuLster  at  O.,  aged  38,  could  in  earlier  yeai 
and  write,  though  onlj  with  great  exertion.    Lattt 
impossible    to    him.     In    vain    he    endeavc 
m   to   remedy  this   state   of  things.      Yciy 
im  most.     The  left  eye  hm,  at  a  distaBce,  a* 
it  of  |.     He  eipressly  states  that  the  left  ej-tr 
jd  that  the  lines  of  adjoining  letters  coTcr  aoe 
ipected  astigmatism.    With  ^e,  turned  nmnd  i* 
of  vision  was,  in  the  horizontal  position  of  tht- 
Je  vertical  it  was  brought  to  perfection  =  1.     Tr 
improvement  whatever  before  the  right  ejer  h 
^smed,  ererything  at  a  distance  remains  indbf  > 
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itli  this  eye  he  could  read  better.  That  in  the  left  eye  about  ^  Ah 
i,  wa5  ascertxiined  by  the  above  experiment ;  what  whs  deficient  in 
the  right  eye  was  uot  yet  evident.  Strukcs  haviD'f  betu  fixed  at  a  diatancei 
he  stated  that  with  the  left  eye  he  saw  the  horiztmtul  ones  distinctly ;  but 
he  DOW  at  the  satne  time  discoveredt  tliat  with  the  right  eye  he  t^aw  the 
vertical  ones  almost  quite  acutely,  while,  on  the  contrary,  he  could  dis- 
tinguibh  little  or  nothing'  of  the  horizontal.  I  now  perceived  that  in  the 
ff%ht  eye  Ain  iniLst  exist,  and  with  —  ^^  c,  the  axis  behig  held  horizontally, 
he  saw  with  thi>  eye  at  a  distance  almost  quite  acutely.  Hence  it  fol- 
lowed at  the  saQie  time,  tliat  with  |^  c,  in  a  vertical  i)osition  of  the  ajtia,  he 
should  read  admirably,  and,  in  fact,  ^vith  it  No.  I  waa  seen  at  Ihc  distance 
of  a  foot :  the  acuteness  of  vision  wui*  perfect.  He  now  stated  to  jne,  that 
objects  appeared  smaller  to  the  unaided  left  eye  than  to  the  rif^ht,  and  oji 
atrict  LTLHpection  it  was  uot  to  be  mistaken,  that  the  left  eye  was  leas  pro* 
minent» 

ThuAf  by  an  unusual  mode,  I  had  immediately  aficertauied,  tolerably 
clearly,  the  condition  of  both  eyes.  The  systematic  investigation, 
was,  however,  not  neglected.  The  right  eye  saw  the  point  of  light 
oM  a  vertical,  the  left  saw  it  as  a  horizontal  stroke  ^  by  —  -l^  the  first 
was  changed  into  a  horizontal,  by  ^  the  second  was  chsiiigud  into  a  verti- 
fsaJ  stroke  :  the  principal  meridians  did  not  percei)tibly  deviate  from  the 
horizontal  and  vertical  plunes.  Tbroug^h  a  slit  1 1  mm,  wide,  held  in  a  ver- 
tical dii-ection,  the  left  eye  had,  at  a  distance,  S  =■  .J,  with  glasses  of  ^  some- 
thing still  to  be  improved ;  the  right  only  },  with  —  Vb  rising  to  J-  Near 
at  hand>  on  the  contrary,  the  riglit  eye  read  very  easily  through  the  slit 
held  vertically,  the  left,  under  similar  circumstances,  read  with  difficulty. 
Tlarough  a  horizontal  slit  the  right  eye  had,  at  a  distance,  acutenc*ss  of 
vision  of  J,  which  wlls  not  to  be  improved  by  glasses ;  while  the  left  eye  saw 
nt  a  distance  very  imperfectly,  and  required  glasses  of  from  ^^  to  ^3.  That 
through  the  horizontal  slit  the  left  eye  can  scarcely  read  at  all,  the  right 
eye  only  imperfectly,  is  in  accordance  with  tUl  the  foregoing. 
From  the  above  experimenta  we  now  deduced : 
Ri^hi  eyey  in  V,  M  =:  l^  j 

in  w.  E : 
Left  eytf,    in  v,  H  ^  ^ ; 


inn,  H  =  ^ 


In 


In  the  right  eye  there  was  therefore  Am  ^^  without  oomplication. 
the  left,  properly  Ah  =  ^f,  —  i  =  A* 

With  ,', c  on  the  left,  and  ^  i^c  on  the  right,  there  was  good  vision  at 
a  distance,  and  spectacles  furnished  with  the*e  glasses  were  worn  witli 
much  satisfaction.  The  same  spectacles  were  quite  insufficient  for  reading. 
It  appeared  that  there  was  only  slight  accommodation.  CouscLtucntly  it 
was  thought  necessary,  for  near  work,  to  bring  the  farthest  point  It  to  from 
18  to  20",  This  was  aceompliahed  by  placing  before  the  right  eye  a  simple 
cylindrical  glass  of  ^  ^i  before  the  left  a  spherico-cylindricul, 
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Bemarh: — ^The  aboTe  case  aerres  to  show  how  aatiginatism  may  wot- 
times  be  discovered  by  a  more  direct  method  than  the  systematic  inTcsti- 
gatioD.  Examination  with  the  ophthalmoscope  might  also  have  led  directly 
to  the  same  result :  on  relaxation  of  accommodation  I  saw  in  the  left  eye 
only  the  horizontal,  in  the  right  only  the  vertical  veaaels  well-defined.  Hov- 
ever,  to  save  time,  it  is  better  for  those  who  have  not  examined  may 
astigmatic  patients,  to  keep  to  the  rules  laid  down.  But  in  cases  when 
perfect  emmetropia  exists  in  one  of  the  meridians,  we  may  attain  cv 
object  more  quickly  by  the  trial  with  cylindrical  glasses ;  such  cases  are, 
however,  exceptional. 

On  a  subsequent  visit  of  this  patient,  I  caused  him  to  look  through  daA 
violet  glasses,  towards  a  square  illuminated  opening  (compare  p.  473 ). 
What  I  expected,  took  place :  with  the  right  eye  he  saw  the  upper  margim 
blue,  with  the  left  the  outer  margins  red ;  and  on  holding  before  his  eyes 
glanses  of  —  jj,  the  upper  margins  appeared  to  the  right  eye  blue,  the 
outer  margins  red,  while  for  the  left  eye  both  were  reversed. 

It  was  above  remarked,  that  objects  appeared  smaller  to  the  left  eye  than 
to  the  right.  This  does  not  depend  upon  astigmatism.  Astigmatism 
caused  the  vertical  dimensions  of  objects  to  appear  greater  in  both  eyes 
(compare  p.  471),  and  this,  too,  was  actually  the  case.  On  the  other  hand, 
that  objects  were  apparently  greater  to  the  right  eye  than  to  the  left,  was 
the  result  of  the  longer  visual  axis  in  the  first  eye.  In  both  the  cornea 
had  the  same  form,  most  probably  the  same  was  true  of  the  lens,  and  the 
only  difference  between  the  two  eyes  would  therefore  be  the  difiTerenoe  in 
the  length  of  the  visual  axis.  Now  where  this  difference  exists,  the 
second  nodal  point  lies  in  the  right  eye  farther  from  the  retina  than  in 
the  left,  and  the  retinal  images  are  therefore  greater  in  the  first-  If  no 
extension  of  the  retina  be  combined  therewith  (atrophy  of  the  mem- 
branes was  not  seen  with  the  ophthalmoscope),  the  greater  retinal  image 
is  also  projected  greater. 

Wy  this  the  difference  in  magnitude,  exhibited  by  the  objects  in  the  two 
eyes,  is  explained.  On  correction  with  glasses,  the  magnitude  of  the  ob- 
jects is  altered :  with  positive  glasses  the  nodal  point  moves  forward,  with 
negative,  backward.  Nearly  always  we  shall  find,  that  where  the  eyes  are 
unequal,  the  placing  of  R  at  an  equal  distance  for  both,  produces  an 
inversion  in  the  magnitude  of  the  images:  the  eye,  which  required  the 
strongest  negative  or  the  weakest  positive  glasses,  now  sees  objects  small- 
est. If  the  difference  be  great,  it  may  cause  disturbance,  and  the  latter  must 
often  be  avoided  at  the  sacrifice  of  distinctness  of  vision  in  one  eye.  By 
placing  the  glasses  very  close  before  the  eye,  and  by  correct  calculation  of 
the  curvature  of  the  surfaces  of  the  glasses,  whereby  their  nodal  points,  at  a 
similar  focal  distance,  acquire  another  position,  we  can  partly  counter- 
act this  defect. 

In  the  case  under  consideration,  the  difference  in  magnitude  of  the  ob- 
jects before  both  eyes  was  nearly  corrected  by  the  cylindrical  glasses,  pro- 
vided they  were  held  close  in  front  of  the  eye.  At  least  no  inconvenience 
proceeded  from  it.     Only  when  the  glasses  were  not  close  to  the  cornea,  did 
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tile  difference  in  magnitude  of  the  itnages  become  ratlier  confusing.  The 
cause  IB  to  be  sought  in  the  fact,  that  the  hypermetropia  of  the  left  eje 
was  not  completely  corrt'cted  by  the  glasses,  and  on  this  side,  with  the 
glasses  intended  for  reading,  the  farthest  point  continued  more  remote 
from  the  eye.  Certainly  a  slight  degree  of  latent  hypermetropia  was  al&o 
present,  and,  moreover,  I  gave  ^  #  in  place  of  ^  *,  In  reading,  the  left  eye 
saw  leas  acutely  witk  the  glasses  than  the  right. 


A.  Co^nipound  ^^permefropie  astt^naimri  has,  with  a  high  degree  of 
hypermetropia  in  the  horizontal  meridian^,  usually  a  relatively  slight 
degree  of  it  in  the  vertical.  In  the  latter  I  have  rarely  found  the 
hypermetropia  greater  than  ii ;  several  times  about  Aj  while  ia 
the  horizontal  meridian  the  hypermetropia  may  amount  to  j  and 
more.  It  thus  appears  that  the  compound  hypermetropic  astig- 
matism often  keeps  very  close  to  the  simple. 

It  is  remarkable^  that  in  general  the  disturbance  of  vision  was  less 
than  should  have  been  expected  from  the  degree  of  the  astigmatism. 
Usually  we  find  the  disturbance  of  vision  not  proportionate  to  the 
degree  of  the  astigmatism :  the  size  of  the  pupil,  its  position 
in  reference  to  the  axis  of  tbe  corneaj  its  constriction  in  accommo- 
dation, the  form^  too,  of  the  curvature  in  the  different  meridians,  the 
complication,  finally,  with  irregular  astigmatism,  exercise,  all  com- 
bined, a  great  influence. 

Case  it.  Compound  hi/perme(rnpic  nfiftffrfuithm. — Mr,  R  ,  nged  18  jeara, 
has  never  secu  aeately  ;  he  states  that  he  ohKorvea  a  shadow  along  the 
margins  of  objecta  j  at  his  work  he  has  always  sought  for  strong  light,  and 
has  nevertheless  soon  perceived  symptoms  of  listhenopitt.  Notwithstatiding 
thifij  he  has  applied  himself  pretty  elosely  to  study.  Some  yeai-s  ago  he 
had  consulted  an  oculitit,  who  had  referred  the  disturbance  to  congenital 
amhlyopia,  and  had  therefore  eonbidcred  it  to  be  incurable.  This  opinion 
found  the  more  acceptance,  as  his  brother  (with  a  normal  condition  of  the 
right  eye)  had  in  the  left  a  diHturbance,  cone?<ponding  to  that  in  the  two 
eyes  of  our  patient.  In  his  parents,  and  the  other  childreni  the  acutenesB  of 
viBion  is  tiutisfactury  in  both  eyes. 

Having  been  attacked  by  a  slight  conjnnctivititt,  the  patieut  called  upon 
me.  This  soon  gave  way  ;  but  it  appeared  that  the  acuteness  of  vLsion  of 
the  left  eye  was  only  f  i  of  the  right,  fur  near  objects,  it  was  |,  for  distant,  J. 
Ophtlmltnoficopic  examination  showed,  in  the  first  place,  tluit  the  optic 
dkc8  were  as  red  as  the  fundus  otuli  in  generuU  — which  capiltary 
hypcncmia,  in  consequence  of  great  Btrain*  with  the  head  in  a  stoop- 
ing position,  is  fTequeutly  developed,  especially  in  young  people.     But 
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St  the  Mine  time  I  obeenred  that,  whfle  the  horiaoiital  retiximl  reveli,  ia 
slight  tension  of  sccommodation,  were  easUy  seen,  the  rertical  exhibited 
thcmselTes  most  distinct!}:  with  a  lens  of  }.  This  held  good  far  both  ejcs. 
Consequently  there  was  no  donht  of  the  existence  of  astigmatism.  Oa 
being  asked  whether  he  saw  horizontal  and  vertical  stripes  at  a  distsnct 
eqnallv  well,  the  patient  immediatelj  answered,  that  he  had  formerly  re- 
marked, that  he  could  distingnish  the  vertical  lines  on  a  target  accnxatelr, 
only  when  he  inclined  his  head  qnite  horizontally. 

The  radii  of  curvature  of  the  two  comesB  were  measured,  in  the  fint 
place,  in  the  horizontal  plane  (H),  exactly  in  the  visual  line  p^,  10^  to  the 
nasal  bide  pn\  20^  to  the  nasal  side  pn",  10^  and  20^  to  the  temporal  side, 
pt  and  pt ;  and  in  like  manner  in  the  vertical  plane  (v),  first  in  the  n- 
6ual  line  p^,  and  subsequently  10^  and  20^  upwards  ps',  ptT^  and  10^  and 
20^  downwards  pt'  and  pi*.  In  each  place  the  mean  of  six  observations  irai 
taken.    The  calculated  results  are  as  follow : 

In  n  In  V 


Right  eye,  pn" ^    980 

pi'  =8-04 

pn'  =    8-76 

pi'    =7-47 

p«    =    8-32 

p°    =7-30 

pf    =    8-24 

p/  =7-08 

ptr  =s    8-61 

ps*  =  7-82 

lAiJt  eye,  pn'  =  10-38 

pr  =  7-59 

pn'  =    8-58 

pC    =r7-43 

p^    =    8-38 

p«    =7-38 

f,t    ==    8-30 

ps'    =7-21 

pr  =    8-57 

p6"   ^7-55 

Hence  it  appears  in  the  first  place,  that  the  cornea  exhibits  a  high  degree 
of  astigmatism  (the  dificrence  of  the  radii  of  curvature  in  the  visual  line 
gives  for  the  right  eye.  As  :=  1 : 6*374,  for  the  left  eye,  As  =  1 : 68) ; 
secondly,  that  the  eccentricity  of  the  vertical  elliptical  section,  especially  in 
the  left  eye,  is  very  slight ;  thirdly,  that  the  form  of  the  curvature  deviates 
considerably  from  the  ellipse ;  fourthly,  that  the  visual  line  cuts  the 
cornea  in  a  point,  which  is  situated  very  much  to  the  inside  of,  and  at  the 
same  time  \cTy  much  beneath,  the  apex  of  the  cornea. 

In  the  right  eye,  the  accommodation  was  paralysed  by  sulphate  of  atro- 
pia.  Thereupon  the  acuteness  of  vision  diminished  considerably,  and  im- 
proved comparatively  little  by  positive  glasses  =  ^  to  i^.  The  difiusion- 
images  of  a  point  of  light  showed,  that  the  vertical  principal  meridian  in- 
clined about  seven  degrees  outwards,  the  horizontal  an  equal  number  of 
degrees  -outwards  and  downwards.  AVith  j^  to  ^  the  most  slender  hori- 
zontal line  was  seen,  from  which,  however,  numerous  accessory  lines  pro- 
ceeded ;  with  ^'3  the  diffusion-image  was  a  horizontal  rhomb  ^>,  with  \ 

it  was  a  vertical  rhomb  Q,  with  J  it  was  a  very  irregular  square  figure,  bent 

in  at  both  sides,  whicli^  with  {  changed  into  a  vertical  line,  thickened  in 
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the  centre  and  with  rmnifiG^  extremities,  and  was  slightest  with  J,  held 
at  Y  from  the  eve.  Evident! Ti  therefore ,  there  was  much  irregular  asti|Er- 
mfttiam  ;  the  regular  wppeared  to  am  omit  to  ,1,  —  ^  ^  1 :  5*36,  However, 
we  found  on  examination  with  the  ophthalmoscope,  and  on  trying  the  cylin- 
drical gla8»c8r  a  slighter  degree,  namely  ahout  {.  Manifestly  no  accurate 
result  was  to  he  obtained  with  the  linear  diffusion -images.  The  application 
of  the  method  of  determiiiing  the  refractive  condition  in  the  two  principal 
meiridians^  with  the  aid  of  a  slit,  I  had  not  yet  learned.  Moreover,  1  still 
pofloensed  only  one  cylindrical  glass^  and  that  of  J.  This  glass,  held  at  moet 
1'  from  the  eje,  improved  the  sharpness  of  Tision  from  |  to  |.  The  ques- 
tion is,  whether  with  ample  choice  of  glasses  no  greater  acuteness  of  vision 
would  have  been  attainable.  Probably,  in  order  wholly  to  exclude  asthenopia, 
this  ere  would,  for  proximity,  require  a  spherico- cylindrical  glass,  while  pro- 
visionally, a  feimple  cylindrical  gloss  is  sufficient  for  distance:  for  in  the 
range  of  aecommodjition  nf  youth,  the  then  remaining  total  hypermetropia 
of  ^],  is  easily  enough  overcome. 

Of  the  left  eye  it  is  noted  only,  that  it  likewise  is  hypermetropic  in  the 
two  principal  meridians,  that  the  acuteness  of  vision  at  a  distance  amounts 
to  },  with  ^  incrensca  to  |,  moreover,  that  glasses  of  J  tf  produce  a  con- 
siderable improvement. 

On  other  phenomena  I  think  it  unnecessary  to  dwell.  From  what  has 
preceded  we  are  in  a  position  to  predict  them  without  fear  of  being  put  to 
shame  by  the  result.  A  recapitulation  and  analysis  would  be  only  repeti- 
tion.    I  prefer  reeoixling  some  |>oiuts  from 

Case  v.^— relating  to  the  brother  of  the  ahove  patient,  Mr.  R.,  Jr. 

In  the  first  place,  as  to  the  radii  of  curvature  of  the  two  comete,  we 
found : — 

~                                            In  H  In  V 

Right  syt,  pn'  =  »-10  pi*  ==  8*42 

pff  =  8-38  pH  —  8-10 

p«   =  8-11  p*>  =  8-10 

pt   =  8  10  p*'  =  8-27 

pt'  =r  8-10  pa'  =  8*04 

Leji  eyt,   pn'  =  0-74  pi"  =z  8  06 

pn'  ^  8*78  p^  ^  7-98 

l9*»    =8-44  p^  ==760 

pT    =  Ml  p^  —  7-85 

pT  =r  8-77  p^'  —  7-63 

A  glance  at  these  numbers  shows,  that  the  left  cornea  has  a  much  smaller 
radius  of  curvature  in  the  centre  of  the  vertical  section,  thun  in  the  centre 
of  the  horizontal  section,  while  fur  the  right  cornea  the  radii  of  cunature 
are  equal  in  both  directions.  lo  accordance  hei'ewith,  the  acuteness  of 
vision  in  the  right  eye  is  perfect,  and  for  the  left  amounta  to  only  /j,  and 
at  the  *ame  time  the  large  lottei-s  of  the  siame  line  which  are  still  rccog- 
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niacd  do  not  appear  to  stand  regularly  in  a  straight  line.  Further,  the  cor- 
vatnre  of  the  cornea  is  in  both  eyes  very  irregular :  in  the  first  plaee  the 
radius  20^  above  the  visual  line  is  still  shorter  than  in  that  line— m 
anomaly  which    I   had  never  before    met  with,  either    in   sound  or  in 
astigmatic  eyes,  and,  secondly,  in  the  horizontal  meridian  of  the  right  eje, 
the  radius  of  cur\'ature  towards  the  temporal  side  appears  to  remain  mial- 
tcred  throughout  a  great  extent.    It  is  evident,  that  from  the  ascertained 
value,  therefore,  no  ellipses  are  to  be  calculated.      Further,  it  deserves 
attention,  that  the  form  of  the  astigmatism  of  the  left  eye  quite  agrees  with 
that  observed  in  both  eyes  of  the  patient's  brother.     An  hypermetropic 
astigmatism,  probably  with  hypermetropia  in  both  meridians,  prevails  in 
this  instance.     If  without  glasses  a  point  of  light  be  seen  as  the  most 
slender  horizontal  stroke,  and  with  J  as  the  most  slender  vertical  stroke,  it 
is  to  be  expected  that  with  artificial  mydriasis  a  weakly  positive  glssi 
should  be  required  to  see  the  most  slender  horizontal  stroke,  and  a  glssi 
stronger  than  (  to  see  the  most  slender  vertical  stroke.     The  direction,  too, 
of  the  principal  meridians,  nay,  even  the  peculiar  form  of  the  difiusion- 
images  agrees  in  both  cases,  so  that  neither  did  the  irregular  astigmatism 
present  any  remarkable  difierence. 

The  nearest  points  at  which  vertical  and  horizontal  wires  were  acutely 
seen,  were  determined  comparatively  for  the  right  and  left  eye  of  this  pep> 
son  :  these  distances  lay,  for  the  right  eye,  respectively  at  9^'  and  6^',  with 
glasses  of  i  at  3|'  and  3^';  for  the  left  eye,  with  glasses  of  |  at  Sand 
at  3^  inches.  The  accuracy  with  which  these  distances  were  obtained,  left 
nothing  to  be  desired ;  but  evidently  the  difierence  of  asymmetry  was  also 
reflected  in  these  numbers,  and  it  even  appears  from  them,  that  in  the  ver- 
tical meridian  the  two  eyes  did  not  differ  much  from  one  another.  That 
the  right  eye,  even  in  the  vertical  meridian,  has  some  latent  hypermetropia, 
is,  with  the  great  distance  of  the  nearest  point  of  distinct  vision,  scarcely 
to  be  doubted. 

With  a  cylindrical  glass  of  y,  c  the  disturbance  of  vision  of  the  left  eye 
was  almost  entirely  corrected,  and  vice  versdy  a  glass  of  —  ^  c  (with 
opposite  direction  of  the  axis)  produced  a  condition  in  the  right  eye, 
nearly  agreeing  with  that  of  the  left.  The  experiments  tried  in  this  respect 
were  remarkable.  In  particular,  in  alternate  production  and  correction  of 
the  astigmatism  in  each  of  the  two  eyes  the  difference  in  form  of  the  objects 
and  in  distinctness  of  the  strokes  of  different  direction,  were  as  satisfactory 
to  us  as  they  were  surprising  to  the  patient.  What  has  been  above  said 
respecting  the  apparent  magnitude  of  the  different  dimensions  of  a  square, 
before  and  after  the  crroection  of  the  astigmatism,  was  in  this  instance  also 
fully  confirmed. 

I  had  recently  an  opportunity  of  again  examining  Mr.  R.,  and  noted 
the  following : 

In  the  perpendicular  image  the  emmetropic  individual  sees,  with  relaxa- 
tion of  his  accommodation,  the  horizontal  retinal  vessels  of  the  left  eye ; 
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with  strong  tension,  or  with  glasses  of  j'ti,  lie  sees  the  verticaL  The  optic 
disc,  seen  in  the  inverted  image,  is  extended  in  brt^adth^  which  is  par- 
ticularly striking  on  coniparisou  with  the  optic  disc  of  the  right  eye. 

ExaTuination  with  the  stenopseic  slit  gives  for  the  vertical  meridiaii 
H  ^  l-j,  for  the  horizon ts.1  H  ^  ^^.  With  the  vertical  slit^  the  aeuteness 
of  Vision  rises  at  a  distance  from  y^  to  J,  and  a  remote  point  of  light  is 
with  it  seen  as  a  point.  The  horizontal  slit  produces,  as  snch,  no  improve^ 
ment,  but,  with  the  addition  of  t^,  it  causes  the  acuteoess  of  vision  to  rise 
to  I* — The  patient  prefers  holding  the  slit  at  from  1"  to  I4"  from  the  eye* 
— With  CT  ^  ^  ia  ^  ^^^  acutenesa  of  vision  becomes  about  J,  with  /^  c  it 
becomes  about  ^. 

3.  Mined  Adigmatism, -^Amh  and  Ahm.  We  have  reuiarkeJ, 
that  most  cases  of  myopic^  and  csfjccially  of  hypermetropic^  asLig- 
maiismj  differ  little  from  the  simple ;  the  same  may  be  predicated  of 
the  mixedj  whether  we  find  a  high  degree  of  H  iu  the  horizont^al 
principal  meridian,  combined  with  a  slight  degree  of  M  in  the  vertical, 
or  a  high  degree  of  M  in  the  latter,  with  slight  hypeniietropia  in 
the  horizontal  The  occurrence  of  nearly  equal  degrees  of  the  two 
forms  of  ametropia  in  the  opposite  principal  meridiims  is  an  excep- 
tion. To  this  the  subjoined  case  most  nearly  approaches,  in  which, 
howeverj  the  degree  of  asymmetry  was  not  considerahle. 

Case  vi*^ — Amh  in  the  left  (syfi.^Mr,  Y*,  n^ed  59  years,  has  in  the  right 
eye  S  ^  1^  in  the  left  S  ^  ^,  The  riffht  eye  is  nearly  emmetropic:  im- 
provement of  vision  at  a  diatanco  by  g*^  is  doubtful ;  —  ^^  acta  injuriously. 
Exp<?rioients  with  the  point  of  light  alFord  no  proof  of  abnormal  regular 
astigmatism,  but  indicate  a  highly -developed  irregular  astig:matiam. 

From  youth,  the  patient  has  been  unable  10  use  his  if/t  eye  ;  however, 
there  exists  neither  obscurity  nor  organic  change  in  the  fundus  ocuH. 
Positive  and  negative  Bpherical  glasses  produce  no  improvement  The  re* 
fleeted  images  of  the  cornea  had  auggesled  the  idea  of  asymmetry*  Examina. 
tion  with  the  ophthalmoscope  allbrded  the  proof  of  it:  in  tlie  non-inverled 
image  I,  as  an  emmetrope,  saw,  with  some  teusion  of  my  aooommodation^ 
Tertical  vessels  of  the  retina  perfectly  acutely;  horizontal  vesaelsi  on  the 
contrary,  appeared,  on  tension  of  accommodation,  very  faint,  and  on  perfect 
relaxation  were  not  well  defined.  I  hence  inferred  the  existence  of  myopia  in 
the  vertical,  and  of  hyjiermctropia  in  the  horizontal  meridian.  On  exami> 
nation  with  the  point  of  li^^bt  the  principal  meridians  seemed  to  deviate  little 
from  the  vertical  and  horizontal  planes ;  the  moat  slender  vertical  line  was 
6cen  with  ^,  the  most  fileodur  horizontal  with  —  ^.  The  diagnosis  was  t 
mixed  aBtiginatiBm  ^  {^^  composed  of 

M  i,  -h  H  i. 
The  cornea  more  than  fuUy  accounted  foi  this ;  the  radius  of  curvature  in 
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the  yisual  line  amounted,  in  the  horizontal  plane,  to  8*29  mm.,  in  tibe 
vertical  s=  7'69, — indicating  an  aatigmatiam  of  1 :  11*67.  While  (at  lent 
by  the  method  with  the  point  of  light)  only  Amh  ^  was  found,  tlie 
crystalline  lens  appeared  to  compensate  in  part  for  the  astigmatiam  of  the 
cornea. 

Quite  in  accordance  with  the  ametropia  in  both  principal  meridiau, 
the  left  eye  sees  at  a  distance  vertical  lines  a  little  better  than  horizontal 
With  js  horizontal  lines  are  still  more  indistinctly  visible,  while  vertial 
lines  are  acutely  seen.  Fiee  ffersd,  with  —  jg  horizontal  lines  are  verj 
well  seen,  vertical  lines,  on  the  contrary,  are  only  faintly  perceptible.  The 
astigmatic  lens  of  Stokes,  brought  to  the  action  of  2  x  ^  s=  ^  makes  the 
acuteness  of  vision  at  once  four  times  greater,  by  bringing  it  from  ^  ^  !• 
With  j',  c,  combined  with  —  j^s,  it  rose  above  |,  and  was  therefore  still 
better  than  in  the  right  eye. 

For  distance  a  flat  glass  was  prescribed  for  the  right  eye  ;  for  the  left  a 
bi-cylindrical  glass  of  J^c  C  —  j^c.  For  close  work,  I  was  anxious,  the 
acuteness  of  vision  not  being  perfect,  to  bring  R  to  12'^  This  was  efiected 
by  means  of  a  spherioo -cylindrical  glass  of  ^  s  O  ^  c :  with  ^  in  fact,  R 
in  the  vertical  meridian  (A  +  «)  =  n)  becomes  =  12',  and  with  ^  c  R  in 
the  horizontal  is  made  equal  to  R  in  the  verticaL  Hereby  the  right  eye 
now  acquired  simply  j^  8,  The  images  were  of  nearly  equal  magnitude,  and 
the  vision  was  with  both  eyes  at  the  same  time  very  pleasant.  Vision  with 
the  left  eye  was  more  acute  than  with  the  right. 

Hetnarka. — This  case  was,  notwithstanding  the  slight  degree  of  H  in  the 
hori/uiital  meridian,  referred  to  mixed  astig^iatism.  I  felt  justified  in  thi« 
because,  with  the  very  slij^ht  range  of  accommodation  belonging  to  the 
j)atient'8  time  of  life,  the  hypermetropia  could  by  no  means  be  overcome. 
The  latter  must,  therefore,  necessarily  be  corrected,  and  this  would  have 
been  serviceable  also  even  in  a  young  person,  although  the  latter  should, 
^nth  —  j'g  c,  have  seen  acutely  at  a  distance,  and  even  in  reading  should 
have  experienced  but  little  inconvenience. 

The  acuteness  of  vision  of  the  left  eye  was,  in  comparison  with  the  degree 
of  astigmatism,  very  imperfect  One  might  have  been  inclined  to  connect 
the  important  disturbance  with  the  singular  circumstance,  that  the  ascer- 
tained degree  of  astigmatism  was  the  resultant  of  a  double  as^nnmetry, 
namely,  of  a  greater  asymmetry  of  the  cornea,  and  of  an  opposite  and 
slighter  asymmetry  of  the  crystalline  lens ;  but,  were  this  supposition 
correct  we  could  not,  in  my  opinion,  have  expected  the  considerable  im- 
provement from  cylindrical  lenses,  which  we  have  indicated.  Raising  the 
acuteness  of  vision  from  ^'^  to  above  I  may  be  considered  extraordinary. 

The  diminished  acuteness  of  vision  of  the  right  eye  also  appears  to  me 
somewhat  enigmatical.  It  is  indeed  true  that  at  59  years  of  age  it  is  only 
exceptionally  still  perfect ;  but  it  is  equally  rare  to  find  it  fallen  to  i, 
without  any  perceptible  anatomical  change.  Moreover,  it  is  the  rule,  that, 
in  astigmatism  of  the  one  eye,  notwithstanding  the  most  perfect  correction, 
the  acuteness  of  vision  of  the  astigmatic  eye  continues  inferior  to  that  of  the 
other.  In  this  instance  the  opposite  was  found.  I  am  therefore  strongly 
inclined  to  assume,  that  in  the  riglit  eye  also  astigmatism  was  present  in  a 
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degree  whioh  ioterfered  with  the  acutaneM  of  vision.  No  accurate  inveiti- 
gatiun  was  made  on  tliia  poiot ;  nor  were  the  radii  of  curvaturtf  of  the 
ix>nifa  tneasured. 

The  spectttclea  intended  for  Beeing  at  a  distanct*  could  afford  the  patient 
no  i^reat  advantage,  oora  mens  urate  with  the  trouble  of  wearing  them ;  but 
neither  was  there  any  objection  to  allow  their  use,  if  desired .  Hpectacles 
for  near  objects  were  much  more  imprtant.  Leaving  out  of  consideration 
even  the  advantage  of  Btereoscopio  vision,  reading  with  two  eyes  is  much 
pleasantcr^  and,  if  the  acutenesa  of  vieioD  of  both  eyes  is  imjierfect  (pri>Tided 
there  bo  no  obscuration),  also  much  easier  than  with  one  eye:  the  acuteness 
uf  viaion  is  even  perceptibly  increased  by  it.  In  order  to  distinguish  small 
objeots,  fltili  stronger  spectaclca  might  be  allowed :  in  that  casei  in  the  com* 
bination  of  the  spheritio-cylindrioal  gleisB,  ^g.c  remains  constant  and  ^  $ 
needs  only  to  he  increased. 


B.  We  have  seen  that  wlieu  the  cornea^  by  itself^  produces  an 
abnormal  de^ee  of  congenital  astigmatism,  the  lens  may  increase^ 
but  commonly  diminishes  the  same.  In  the  latter  case,  the  astig- 
matism of  the  cornea  continues  to  predominate ;  in  the  former  the 
action  of  the  lens  is  weaker^  and  is  thertifore  to  be  considered  only 
as  accessory.  But  in  a  few  cases  it  occurs,  on  the  other  hand,  that 
the  existmg  abnormal  degree  of  astigmatism  may  be  said  to  be 
dependent  on  the  crystal  Line  lens ;  and  a  very  remarkable  case  of  this 
nature  is  described  by  Dr.  Knapp^*  in  which  tlie  peculiar  form  of 
the  crystalHne  lens  was  the  cause  of  an  astigmatisnij  in  great  part 
regular.  Less  rarely,  an  abnormal  position  is  the  cause.  This 
contKtion  may,  in  the  lirst  place,  be  congenital.  Numerous  cases 
have  been  known  in  which  the  lens  was  situated  so  eccentrically, 
that  the  equator  passed  through  the  plane  of  the  pupil,  and  thus  a 
fjortion  of  the  plane  of  the  pupil  remained  \rithout  a  lens.  In  this 
case,  then,  astigmatism  exists  in  a  manner  to  produce  great  dis- 
turbance, but  it  is  of  an  irregular  nature,  and  cylindrical  glasses  are 
incapable,  in  this  instance,  of  producing  any  improvement  (see  Irre- 
gular Astigmatism,  in  §  4i\] .  Some  cases,  however,  occur,  where 
the  displacement  of  the  crystalline  lens  is  so  slight  that  the  latter 
still  occupies  the  whole  plane  of  the  pupil,  but  at  the  same  time  has 
so  oblique  a  position,  as  to  give  rise  to  a  consideralde  degree  of 
toliTahly  regular  astigmatism.  Some  years  ago,  before  I  was 
in  the  habit  of  investigating  the  disturbance  of  function  in  asymmetry 
with  the  requisite  accumcy,  a  case  of  tliis  nature  occurred  to  me*  1 
shall  here  merely  communicate  what  was  noted  at  the  time. 

•  Archivf,  Ophihalmohffie,  B.  viii.  Abth.  2,  p.  229. 
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Casb  yii. — AstigmatUm,  from  congenital  eccentricity  of  the  crydaWne 
^ns.— Jacob  D.,  aged  20,  called  on  me  on  the  24th  of  April,  18^:  he  hid 
myopia  =  |  in  both  eyes,  8  =  ^  in  the  left,  8  =  i  in  the  right  eve.  By 
holdrng  the  negative  glass  obliquely  before  the  right  eye,  the  aeuteness  of 
Tision  could  be  brought  nearly  to  i.  Long  visual  axis  ;  on  the  wbole 
large  eyes.  In  neither,  however,  was  there  atrophy  of  the  chorioidea,  bat 
in  the  left  was  a  white  irregularly  circumscribed  spot,  narrower  thin 
the  optic  disc,  beneath  which  it  was,  and  concealing  the  vesseb  of 
the  retina.  The  chambers  of  the  eyes  were  shallow ;  at  the  same  time 
there  was  a  very  marked  iridodenosis,  particularly  at  the  inferior  portion 
of  the  iris ;  there  was  good  reflecting,  but  little  acoommodating,  moYement 

of  the  pupils.     The  total  range  of  accommodation  of  the  left  eye  was  ^  - ; 

1  ' 

nevertheless,  when  the  myopia  was  neutralised  by  — ,  plaoed  at  i"  from  the 

**» 
nodal  point,  the  nearest  point  in  the  left  eye  lay,  R  being  ^  oo,  at  17'. 

Through  the  action  of  sulphate  of  atropia,  the  pupils  acquire  an  appa- 
rent diameter  of  84  mm.  The  iridodenosis  at  the  same  time  continnei. 
Now  it  appears,  that  a  certain  space  exists  between  the  iris  (displaced,  it  is 
true,  very  much  forwards)  and  the  crystalline  lens,  and  at  the  same  time 
that  this  last  lies  eccentrically.  On  examination  with  the  ophthalmo- 
scope, we  see  on  the  outside,  a  narrow,  scythe-shaped  red  margin  around 
the  equator  of  the  cr}'stalline  lens;  this  bright  margin  becomes  broader 
when  we  look  a  little  from  within  outwards  into  the  eye,  but  if  we  pan 
still  more  inwards,  it  rapidly  becomes  again  narrower,  and  in  the  right  eye 
even  altogether  disappears.  Kvidently,  therefore,  the  outer  margin  of  the 
lens  displaced  inwards  and  upwards  lies  more  forward  than  the  upper  and 
inner  margin,  particularly  in  the  right  eye.  The  reflected  image  of  the  ante- 
rior surface  of  the  lens  is  faint  in  both  eyes,  difficult  to  see,  situated  very 
near  the  reflected  image  of  the  cornea,  and  on  movement  of  the  flame  moving 
more  than  the  last.  The  reflected  image  formed  by  the  posterior  surface 
of  the  crystalline  lens  stands  at  a  tolerably  great  distance,  and  consider- 
ably higher  than  the  corneal  image.  With  the  phacoidoscope*  (conf.  the 
method  in  Nederl.  Laticety  3rd  Series,  Part  III.,  p.  242),  looking  from  the 
outer  side  into  tlie  left  eye  under  an  angle  of  30®  with  the  visual  line, 
while  the  flame  stood  in  the  line,  which  on  the  other  side  made  an  angle 
of  30®  with  the  visual  line,  the  distance  between  the  reflected  corneal 
image  and  the  posterior  lenticular  image  amounted  to  3J  mm.,  and  the  line 
uniting  these  images  made  an  angle  of  3^^  with  the  horizontal  plane,  in 
which  the  visual  line,  the  flame,  and  the  eye  of  the  observer  were. 

On  examination  witli  the  ophthalmoscope  in  the  inverted  image  the 
vessels  exhibit  in  and  near  the  optic  disc,  with  the  ordinary  movements 
of  the  objective  lens,  in  the  left  eye  scarcely  any,  in  the  right  eye  a  very 
considerable  parallactic  movement  (the  direction  of  which,  in  connexion 
with  the  movement  of  the  lens,  is  not  noted). 

The  cornea*,   measured   in   a  plane,   carried  horizontally   through   the 


•  The  author's  instrument  for  measuring  the  change  of  shape  of  the  lens 
in  accommodation  (see  p.  10). — Translatoh. 
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visual  line,  gave,  as  ^"^^  in  the  visxml  line,  &b  pn'  and  pn',  11^  2'3*  and 
22**  46'  on  the  utrnd  sidt-,  and  as  p^  and  pf,  11«  23'  and  22''  4tV  on  the 
temporml  aide  of  the  visual  lints,  the  following  resalta  (each  number  being 
the  mean  of  four  measure  men  U) : 

Might  eye.  Left  eye. 
pn'  =  8-70  8-87 

pn'  =  8-16  8-16 

p'^    =  814  8-10 

pf   ^  8-21  8-17 

pif  =8-61  8-60. 

Hence  it  apjieara^  that  the  cornea?  have  a  great  radius,  that  the  ellip- 
soidal Durvature  in  the  horizontal  plane  is  verj  regular,  and  has  a  slight 
ecot?ntricity,  and  tinally,  that  the  axis  of  the  cornea  and  the  visual  line 
nearly  coincide. 

Jiemairku, — I  wish  only  to  estahlish  more  fully,  that  the  crystalline  lens, 
particularly  in  the  right  eye,  had  an  oblique  position,  causing  its  axis  to 
deviate  very  much  from  that  of  the  cornea,  and  that  at  the  same  time  a 
diminished  aoutenesa  of  vision  existed,  admitting  of  itnprovement  by  means 

of  an  oblique  position  of  the  negative  lens  of  —  ~,  whereby  the  myopia 

^as  oorreeted.  Astigmatism  therefore  existed.  And  although  we  must 
regret)  tliat  neither  the  direction,  nor  the  degree  of  the  requisite  inclination 
of  the  axis  of  the  negative  lens  wt^re  notcdt  anil  that  therefore  the  direction 
and  degree  of  the  existent  astigmatism  thereby  competed  are  unknown, 
and  although  we  should,  moreover,  have  been  ghid  to  know  the  curvature 
of  the  cornea  in  the  vertical  plane,  in  order  to  exclude  the  cornea  as  a  cause 
of  the  Bstigmatisim,  I  nevertheless  feel  juatitied  in  ascribing  the  observed  a»- 
tigmatism  to  the  oblique  position  of  the  crystalline  lens.  The  existenoe  of 
this  category  of  astigmatism  is  thus  proved,  and  this  may  for  the  present 
suffice. — The  difterent  results  of  measurement,  which  I  have  communicated, 
may  subsequently,  when  it  shjill  be  tliought  desirable  for  the  comparison  of 
more  of  such  cases  with  one  another,  he  emjiloyed  in  calculation^ 

It  also  de«>erves  mentiun,  that  three  elder  brothers  and  one  sister  of  the 
patient  have  normal  eyes,  but  that  a  younger  brother,  and  perhaps  also 
the  mother,  suffer  from  the  same  defeot- 


IL — ^AcQuiRED  Rkgulae  Astigmatjsm, 

A.  Depending  on  ike  (kyrnea^—ln  all  the  foregoing,  acquired 
astigmatism  has*  scarcely  been  mentioned,  I  must  acknowledge  that, 
until  a  shurt  time  ago,  1  thought  it  of  little  importance.  Very 
seldom  does  it  depend  on  an  oblique  position  of  the  crystalline  lens 
cjtused  by  [jartial  luxation  ;  and  if  tlisturbancea  of  tbe  cornea  be  its 
cause,  irregular  astigmati.sm  is  almost  without  exception  to  be 
expected.  1  therefore  supposed,  a  p^ri&n,  that  cylindrical  gliisses 
would  in  this  case  but  little  or  not  at  all  remedy  tbe  dislnrbanee  of 
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vision.  The  result  has,  however,  in  many  instances  proved  the  con- 
trary. In  a  case  of  a  central  speck  npon  the  cornea,  I  performed 
iridectomj,  and  obtained  a  well-formed  pupil,  only  in  the  centre 
admitting  some  diffuse,  but  otherwise  r^nlarly  refracted,  light 
through  the  cornea.     Nevertheless,  the  acuteness  of  vision  was  vcrr 

imperfect :  while  the  eye  had  5^  hypermetropia.  No.  VI  could  not 

even  with  glasses  of  ^r^:,  be  read.     The  letters  had  a  strange  form; 

in  an  oblique  direction  they  exhibited  an  irregular  prolongation.  On 
ophthalmoscopic  investigation,  the  movement  of  the  objective  lens 
appeared  to  produce  a  considerable  parallax.  I  tried  the  combination 
of  a  convex  with  a  cylindrical  glass^  and  the  acuteness  of  vision  was 
nearly  doubled.  Ordinary  print  could  now  be  read. — ^The  matter 
is,  i  posteriori,  evident  enough.  The  existing  astigmatism  may  be 
resolved  into  a  regular  and  irregular  astigmatism,  and  after  correction 
of  the  regular,  the  irregular  causes  less  disturbance.  /  iave  found 
that  in  many  cases  in  which,  on  account  of  opacity  of  the  eomea, 
iridectomy,  or  iruldesis  is  performed,  great  advantage  may  be  oitatned 
by  a  cylindrical  glass.     Let  it  be  tried  only,  whether  a  cylindrical 

glass  of,  for  example,  ^  c,  turned  round  before  the  eye,  will  not 

produce  alternately  increased  and  diminished  acuteness  of  vision; 
and  when  the  required  direction  is  thus  ascertained,  it  remains  only 
to  find  out  in  these  cases,  to  what  strength  of  cylindrical  glasses  the 
preference  is  given.  By  the  more  indirect  methods  above  described, 
this  object  is,  in  general,  less  easily  attained.  After  th^  extractim 
of  cataract,  too,  the  cornea  often  acquires  a  form,  which  gives  great 
value  to  the  comhinatton  with  a  cyUndri<:al  glass. 

Cylindrical  glasses  are  also  often  very  useful  in  acquired  modifica- 
tions in  the  form  of  the  cornea,  without  the  necessity  of  performing 
any  operation  upon  the  iris. 

Case  vii. — M.  Kr,,  a  girl  aged  14,  has,  some  years  ago,  lost  the  left  eye, 
in  consequence  of  perforating  ulcers  of  the  cornea,  with  subsequent  atrophy. 
On  the  lower  and  inner  part  of  the  right  eye,  too,  remains  a  cicatrix  from 
destruction  of  tissue  and  prolapse  of  the  iris.  The  pupil  is  thereby  drawn 
downwards  and  inwards,  but  it  is  otherwise  unaltered,  and  only  little 
difi^used  light  enters  the  eye.  Nevertheless,  the  acuteness  of  vision  leaves 
much  to  be  desired,  and  is  scarcely  improved  by  the  total  cutting  off  of  the 
diffused  light.  Moreover,  there  exists  a  tolerably  great  degree  of  myopia, 
with  which,  therefore,  amblyopia  seems  to  be  combined.  Supposing  that  the 
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furm  of  the  C4)mea  might  be  the  oaus€  of  the  ditDimislied  aQutene^s  of  Tiaion, 
1  made  an  examiDation,  and  found,  in  fact,  that  a  point  of  light  waa  seen 
with  —  i  as  an  obtiquely  vertical,  with  —  i,  removed  somewhat  further  from 
the  eye,  as  an  obliquely  tiorusontal  line.  Bj  the  use  of  the  alit,  held  iti 
one  of  the  two  directions,  the  acntene»B  of  viaitrn  was  very  conniderably  im- 
proved. With  —  3^rt  c  minute  work  could  now  b©  performed  close  to  the  eye, 
which  without  cylindrical  glasses  was  altof^ether  impossible, 

I  shall  communicate,  so  me  what  more  in  detail^  a  case  which  is 
certainly  an  extremely  rare  one. 

Ca8£  VI ri.^ — Acquired  regular  tuiifffnatism  of  the  cornea. — J,  F.,  briga- 
dier in  the  armj^  aged  31,  complains  that  for  the  last  two  years  his  sight 
has  become  worse  and  worse.  Perfect  aout^^ness  of  vision  be  never  had.  The 
corneaj  exhibit,  particularly  on  focal  illumination,  a  slight  general  opacity, 
stated  to  have  remained  as  the  reault  of  purulent  indammatioa  which  set  in 
three  days  after  birth.  In  the  right  eye»  moreover,  the  boundary  between 
the  cornea  and  the  sclerotic  is,  in  eonsequenco  of  peripheral  spota,  not  to 
be  determined ;  in  the  centre  of  the  anterior  surface  of  the  lens  there  is  also 
a  small,  sharply -defined,  not  elevated  white  speck.  Neither  had  formerly 
prevented  bia  entering  tbe  service.  Now,  however,  the  acuteness  of  vision 
had  fallen  in  the  ri;^'ht  eye  to  Vop  ^^  the  left  to  5,  and  the  patient  was  no 
longer  in  a  condition  properly  to  discharge  his  duties. 

Tbe  existing  opacity  of  the  cornea  did  not  fully  explain  the  disturbance 
of  vision.  Moreover,  without  any  fresh  inflammatory  attack,  the  power  of 
vision  bad  become  more  and  more  disturbed.  It  appeared  to  me  that  the 
curvature  of  the  coraem  was  abnormal^— a  supposition  wliich  was  fully  con- 
firmed by  ophthalmo metric  investigation.  The  results  of  the  latter  were  as 
foUow : — 


Inv. 

f^r  ^  9-69 
^1^  =7-13 
pff'  =  7-38 


In  H. 
Hiffht  eye,  pn'  -^    9*64 
p""   ^    8-72 
pr  =    7-77 

L^  eye,  pn*  ss  10*97  pi'  ^  7-59 

p<>   =    8""10  ^^    =  7*25 

pt'  ^    845  ps'  ^  M7 

Evidently  the  radius  of  curvature  is  much  longer  in  the  horizontal  plane 
than  in  the  verticaL  Thereiore,  although  in  the  form  of  the  curvature  much 
irregularity  was  observable,  and  the  experiment  with  the  point  of  light 
afforded  no  result,  improvement  was  in  this  instance  to  be  expected  from 
cylindrical  glasbes  :  and  in  tact  with  a  glass  of  ^  c,  the  only  one  which  1  had 
at  the  time  at  my  dii^posal^  the  acuteneas  of  yision  was  raised  to  i.  With  a 
more  extensive  choice  of  glasses  Btill  further  improvement  would  doubtless 
have  been  obtained. 

I  regret  that  an  opportunity  did  not  later  present  itself  of  examimng  the 
patient  more  particularly  by  different  methods. 
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JRemarks, — ^The  oaase  of  the  abnomial  onrvatare  of  the  oomeft  exiftiBgii  { 
this  case  was  not  very  clearly  asoertained.  We  may,  howeTer,  vithtek-  I 
rable  probability  assume,  that  the  ophthalmia  neonatorum  had  left  bet 
it  some  change  of  form,  and  that  this,' combined  with  unequal  refistaBB, 
whether  in  consequence  of  modified  intra-ocular  pressure,  or  under  the  inti' 
ence  of  attendant,  almost  imperceptible,  changes  of  nutrition,  had  gndnb 
increased.  Manifestly  the  curvature  was  very  irregular.  In  both  eyesAt 
curvature  was  particularly  great  in  the  horizontal  plane  towards  the  temponl 
side,  and  in  the  vertical  plane  at  the  upper  portion,  in  part  it  was  still gntte 
at  20^  from  the  visual  line  than  in  the  Une  of  vision  itself,  althougli  ^ 
latter,  as  direct  determination  showed,  deviated  in  the  horizontal  pkneoilj 
3i^  from  the  centre.  But,  notwithstanding  this  irregularity,  the  great  diftr- 
ence  of  curvature  for  the  vertical  and  horizontal  meridian  was  most  strikiig', 
and  therefore  also  much  advantage  was  to  be  expected  from  cylindrical  glmei 

In  connexion  with  this  subject,  it  is  remarkable  that  the  cornea,  if  it 
originally  possessed  an  average  curvature,  had  both  in  the  horizontal  i 
ridian  acquired  a  longer,  and  in  the  vertical  a  shorter  radius. 

I  have  said  that  the  case  is  rare.  Usually,  in  fact,  in  acquired  altot- 
tions  of  form  of  the  cornea,  whether  on  account  of  oonical  curvature,  or  of 
absolute  irregularity  or  inequality  of  the  surface,  examination  with  tlie 
ophthalmometer  is  unattended  with  any  satisfactory  result,  and  it  can  only 
empirically  be  determined,  whether  cylindrical  glasses  are  of  any  use  or 
not. 

B.  Acquired  regular  astigmatism,  seated  in  th^  l-ens, — ^Either  the 
acquired  or  the  congenital  displacement  of  the  lens  (of  which  1  have 
spoken  at  [).  531)  may  be  the  cause  of  regular  astigmatism.  Often  the 
lens  is  tlit  reby  so  much  displaced,  that  it  no  longer  correspond?  to 
the  entire  plane  of  tlic  ])U[)il,  with  which  a  high  degree  of  irregular 
astigmatism  is  tlieu  combined.  But  if  the  lens  assumes  an  oblique 
direction  in  the  plane  of  tlie  pupil,  regular  astigmatism  must  be  the 
consequence,  and  the  use  of  cylindrical  glasses  will  then  proilucv 
improvement.     A  not  unimportant  example  of  this  is  afforded  by— 

Cask  ix. — J.  S.,  aged  42  was,  four  years  ago,  successfully  operated  on  far 
cataract  in  the  left  eye.  Rather  more  than  a  year  lat^r,  he  received  a  blow  in 
the  right  eye  from  a  bent  branch.  Up  to  this  time  he  had  had  acute  vision  at 
a  distance  with  this  oye.  Now  everything  appeared  to  him  misty.  On  ei- 
aminatiou,  I  found  iridodenosis  in  a  high  degree,  quivering  movements  uf 
the  lens  (established  on  every  strong  movement,  both  in  the  reflected  images 
and  in  the  lens  itself,  by  lateral  focal  illumination),  and,  moreover,  a  slight 
degree  of  myopia.  When  a  glass  of  —  g'g  was  held  before  the  eye,  the  pa- 
tient declared  that  he  saw  as  well  as  formerly.  I  could  not  satisfy  myself  as  to 
the  existence  of  an  oblique  position  of  the  lens.  I  therefore  regarded  his 
condition  as   myopia,  in  consequence  of  laceration  of  the   zonula  Zinnii, 
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and  saw  in  the  myopia  a  reason  for  Helmholtz's  explanation  of  the  me- 
chanism of  accommodation.  To  the  quivering  movements  of  the  lens  a 
quivering  of  the  objects,  after  each  strong  movement  of  the  eye,  corresponded. 
These  quite  agreed  with  those  which  occurred  on  little  shaking  movements 
of  the  neutralising  positive  glass  before  his  lensless  eye,  and  were  thus  ex- 
plained. 

A  few  months  ago  the  patient  applied  to  me  again.  The  acuteness  of  vision 
in  the  right  eye  was  then  diminished.  Even  with  the  aid  of  his  spectacles, 
he  could  no  longer  see  acutely  at  a  distance.  I  supposed  that  the  some- 
what luxated  lens  was  passing  into  a  state  of  opacity.  This  was  found  not 
to  be  the  case  :  the  lens  had  continued  quite  transparent.  But  I  had  at  once 
perceived  that,  since  the  first  examination,  the  pupil  had  deviated  to  the 
nasal  side,  so  that  on  this  side  only  a  slender  margin  of  iris  remained. 
This  slender  margin  lies  deeper  than  the  outer  margin,  and  has  a  convex 
curve  forwards :  the  pupillary  margin  is  directed  backwards ;  thence  the 
curve  is  formed,  and  the  marginal  portion  deviates  again  in  such  a  manner 
backwards,  that  it  is  most  probably  somewhat  prolapsed  through  the  lace- 
rated zonula. 

To  this  rAation  of  the  iris  an  oblique  position  of  the  lens  corresponds.  On 
the  temporal  side,  the  latter  is  almost  in  contact  with  the  iris ;  on  the  nasal 
side  it  must  therefore  lie  much  deeper.  After  instillation  of  sulphate  of 
atropia  a  considerable  dilatation  of  the  pupil  occurs  upwards,  downwards, 
and  to  the  temporal  side,  so  that  the  lens  comes  to  lie  more  in  the  centre. 
Looking  in  an  oblique  direction  into  the  eye,  we  can,  however,  nowhere  suc- 
ceed in  seeing  the  equator  of  the  lens.  The  centre  of  the  vortices  also  appears 
to  correspond  nearly  to  the  centre  of  the  cornea. 

With  the  oblique  position  therefore  there  is  no,  or  only  slight,  lateral 
displacement  of  the  lens. 

The  acuteness  of  vision  is  only  about  =  J.  This  diminution  is  ascribed  to 
the  oblique  position  of  the  lens,  and  consequently  to  astigmatism.  Nume- 
rous experiments  were  performed,  which  also  established  this  point.  I  shall 
mention  only  some  of  them.  With  —  ^  the  patient  sees,  at  a  distance,  ver- 
tical, with  —  jg  horizontal  lines  most  accurately.  Even  with  —  ^  the 
horizontal  lines  are  tolerably  well  defined,  but  the  vertical  exhibit  a 
shadow,  which  nearly  disappears  when  the  nasal  portion  of  the  pupil  is 
covered. — ^The  point  of  light  under  no  circumstances  appears  as  a  line  of 
light,  but  is,  on  the  contrary,  always  double.  With  —  ^,  each  of  the  double 
images  is  smallest  With  —  ^  they  lie  above  one  another,  with  —  ^,  close 
to  one  another. 

The  astigmatism  is,  on  account  of  these  experiments,  estimated  at  ^  — 

Be  marks. — In  the  observation  of  this  case  no  cylindrical  glasses  availed 
me.  It  may,  however,  be  inferred,  that  with  a  spherico  -  cylindrical 
glass  of  —  «  »  3  —  i  c  (the  axis  of  the  cylinder  having  a  vertical  direc- 
tion) K  in  all  meridians  should  be  about  =  »  .  Such  a  glass  might  be 
useful  as  a  spyglass.  For  near  objects  it  would  not  answer,  because  the 
range  of  accommodation,  which  at  the  time  of  the  former  examination  was 
still  tolerably  considerable,  was  now  reduced  almost  to  nothing.  For  reading, 
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&  most  therefore  be  brought  to  about  12^:   this  would  be  eflboted  hf 
placing  ^  c,  with  the  axis  directed  horizontally,  before  the  eye. 

The  cause  of  the  astigmatism  in  this  inwtanoe  lay  clearly  exduuTclf  ii 
the  lens,  the  measurements  of  the  cornea  even  revealiiig  an  unusual  m- 
metry. 

In  H.  In  T. 

pnT  =  8-64  pt*  =  8-30 

pn    =  7-94  pC  =  I'VS 

p^    =  7-74  po  =  7-74 

pt    =  7-74  pM'  =  7.76 

ptr    =  8-09  p^  =  SH39 

The  yisual  line  deviated  5^  inwards  from  the  apex  of  the  oomea. 

It  is  remarkable,  that  the  astigmatism  dependent  on  an  oblique  postios 
of  the  lens  gave  rise  to  diplopia,  which  in  ordinary  oases  depending  oi 
asymmetry  of  the  cornea,  is  not  so  expressly  indicated.  The  diplopis  ap- 
peared most  distinctly  in  looking  at  a  point  of  light.  We  have  to  snppoie 
that  the  sectors  of  the  lens  formed  four  images  clearly  distinguishaUe, 
which,  in  looking  with  the  naked  eye,  had  already  decussated..  With  —  ^ 
they  were  situated  over  one  another,  with  ~  -^  those  adjoining  one  another 
were  brought  to  a  focus.  In  the  first  case  the  acuteness  of  vision  was  im- 
proved, when  the  inner  or  outer  half,  in  the  latter  when  the  superior  or 
inferior  half  of  the  pupil  was  covered. 

In  former  years  it  often  occurred  to  me  to  observe,  particularly  in  my opei, 
that  of  a  point  of  light  two  or  three  images  were  seen,  which  with  too  weak 
and  with  too  strong  glasses,  stood  in  opposite  directions  in  one  line.  In  these 
cases  no  other  stripes  were  acutely  seen,  than  those  corresponding  to  one 
of  the  two  directions.  Evidently,  as  agrees  also  with  the  above  observa- 
tions, the  manifold  images  must  cover  one  another  in  the  stripe,  if  the 
latter  is  to  be  acutely  seen.  Whether  in  these  cases  the  astigmatism 
depended  on  a  congenital  oblique  position  of  the  lens,  I  did  not  at  the  time 
investigate.     I  hope  to  find  opportunity  to  do  so. 

On  many  remarkable  points,  peculiar  to  this  case,  I  will  not  dilate.  Onlv 
with  respect  to  the  myopia  I  would  observe,  that  this  seems  to  have  arisen 
as  the  result  of  laceration  of  the  zonula  Zinnii,  notwithstanding  that  the 
falling  backward,  as  such,  of  the  crystalline  lens,  must  have  given  rise  to 
the  opposite,  that  is  to  hypermetropia.  On  the  first  examination,  when  no 
oblique  position  of  the  crystalline  lens  had  as  yet  occurred,  I  bad  not  been 
able  to  discover  any  atrophy  of  the  chorioidea ;  and  the  patient  stated  that 
with  the  aid  of  a  weakly  negative  glass,  just  as  before,  he  could  again  see 
quite  acutely  at  a  distance.  Now,  however,  a  narrow  atrophic  meniscus 
had  become  visible  at  the  outside  of  the  optic  disc,  which  in  any  case  is 
strongly  in  favour  of  the  view,  that  a  slight  degree  of  myopia  had  originally 
been  present. 
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NOTE, 

HiSTOHY   OF   OUB   KNOWLEDGE  OF  BeOULAK  AfiTIGllATiG^I. 

Iq  Maokenzie^fi  j(i8tlj>celebratf.*d  book  (AFrncticaL  Treatise  on  the  Diseases 
of  the  Eye,  Londt>n,  1854)|  and  still  more  completely  in  the  excellent 
French  edition  hy  Warlomont  and  Testelin  (Tradtc  pralif^tie  des  Maladies 
de  Tcuil,  par  Mackeuzie,  Paris,  1856),  we  really  iind  almost  everything 
oompriacd,  which  »oiencei  up  to  the  dates  of  the  publictttion  of  those  works, 
possessed  ujmju  the  subjeot  under  consideration.  From  them  I  have  for 
tJie  most  part  become  acquainted  with  its  literature,  a^nd  whenever  1  had 
no  opportunity  of  eousultiug  in  the  original  the  worka  mentioned  in  them, 
my  friend  Mr.  Hulke,  of  London^  with  great  readiness  and  in  the  most 
obliging  manner,  consulted  them  far  mo,  and  sent  me  aoourate  extracts 
from  them. 

It  is  remarkable  that  we  find  the  suhjcct  treated  of  almost  exclusively 
in  English  literature.  In  the  tirst  place  we  meet  with  two  men,  of  whom 
England  may  well  boast :  Thomas  Young,  who  discovered  normal  nstig- 
matismf  and  the  Royal  Astronomer  Air3%  who  lirst  recognised  and  described 
the  asymmetry  of  his  own  eye  as  a  defect, 

Res[)ecting  Young's  ohservation,  1  have  above  (compare  p,  466),  already 
stated  what  is  ntceissaryi  in  connexion  with  other  inveMtigations  relating  to 
the  Buhject  of  normal  astigmatism. 

Airy's  case  (Transactions  of  the  Cambridge  Philosophical  Society,  1827, 
vol.  ii.  p.  267),  on  the  contrary,  described  in  a  manner  worthy  of  the 
great  master,  miist  here  occupy  us  more  fully.  It  relates  to  a  high  degree 
of  compound  myopic  aati*;jmatisra.  Thus,  according  to  hia  method,  Airy 
could  determine  the  farthest  point  of  distinct  vision  in  the  two  i)rincipal 
roendians,  and  at  the  same  time  the  direction  of  the  latter :  in  the  verticul 
(with  an  inclination  of  35*^)  R  was  ^  3*5',  in  the  horizontal,  U  ^  6'. 
Hence  he  calculated  the  glass  required  for  correction^  and  also  stated  the 
reasons,  why  a  negative  spherico-cylindrical  glass  is  to  he  preferred  to  a 
negative  bi-cylindric4il  one. 

Many  years  later  he  again  described  his  state  (Id.,  1849,  vol.  viii. 
p.  361).  At  this  time,  the  farthest  point  lay  in  the  vertical  meridian 
at  ^"7'*,  in  the  horizontal  at  8'9''.  His  myopia  had  therefore  decreased  in 
both  meridiaQB,  and  at  the  same  time  the  astigmatism  appeared  to  have 

undergone  some  diminution,— from  „,  to  --.     But  Airy  himaelf  suppoaea, 

that  the  farthest  point  in  the  vertical  meridian  might  lie  somewhat  nearer 
than  4^7*^,  and  he  is  inclined  to  infer  that  his  astigmatism  had  continued 
unaltered.  With  a  man  like  Airy  we  may  assume,  that  he  observed  for  his 
farthest  point  with  unalterd  accommodalion  j  otherwise  we  shoiild  venture 
the  supposition  that,  in  his  earliest  observations,  in  consequence  of  aocom- 
modation  on  the  approach  of  the  point  of  light,  tlie  myopia  in  the  vertical 
meridian  had  turned  out  too  great,  whereby  the  recession  of  the  farthest 
[wint  with  the  increase  of  years  (which  certainly  with  the  existing  degree 
of  myopia  is  extremely  rare),  should  only  apparently  have  taken  plaoe. 
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Airy's  observation  seems  at  first  to  have  attracted  attention  only  at  Cas- 
bridge :  to  Stokes  {The  Report  of  the  British  Associalion  fot  the  AdcaMce- 
tnent  of  Science  for  1849,  p.  10),  namely,  we  are  indebted  for  the  astigmatie 
lens  for  determining  the  degree  of  astigmatism,  and  Dr.  Goode  {MvntUf 
Journal  of  Medical  Science,  Edinb.  1848,  p.  711, — and  IVansactions  of  tkt 
Camb,  Philosoph,  Society,  vol.  viii.  p.  493),  who  studied  at  Cambridge, 
first  communicated  some  fresh  cases  of  this  anomaly.  Just  like  Airy,  he 
had  astigmatism  in  one  of  his  eyes,  to  which  his  attention  was  directed  by 
the  observations  of  the  Astronomer  Royal  on  the  subject.  From  the  compli- 
oated  changes  of  form,  which,  according  to  his  accurate  description,  a  point 
of  light  underwent  at  different  distances  from  his  eye,  it  may  he  inferred  tlist 
the  asymmetry  was  combined  with  a  high  degree  of  irregular  astigmatism.  As 
to  the  regular,  the  distances  of  distinctness  in  the  two  principal  meridians 
lay  about  at  6*13  and  25  English  inches.  Chamblant,  the  optician  at  Paris, 
prepared  for  him  a  plano-cylindrical  lens,  the  cylindrical  surface  of  which 
was  ground  with  a  radius  of  9'  concave.  Goode  states  that,  with  the  aid  of 
this  glass  be  saw  both  near  and  distant  objects  acutely. 

In  a  second  case  a  point  of  light  appeared  as  a  horizontal  line  at  37  cend- 
mdtres  (about  14  ^  English  inches),  without  at  a  greater  distance  being 
replaced  by  a  vertical  one.  Horizontal  stripes  were  not  seen  distinctly  at 
37  cent  or  upwards ;  vertical  stripes  at  no  distance  whatever.  A  piano- 
cylindrical  glass,  with  2i'  radius  of  the  convex  cylindrical  surface,  was  too 
strong,  with  3'  radius  it  was  too  weak.  A  bi-cylindrical  concavo-convex 
glass,  with  intersected  axes,  the  concave  surface  having  7^'  the  convex 
4i'  radius  of  curvature,  would  probably  have  answered  the  purpose. 

In  a  third  case  a  point  of  light  appeared  at  35  centim.  as  a  trans- 
verse line,  and  at  a  greater  distance  was  indistinct.  At  a  similar  distance 
horizontal  stripes  were  acutely  seen,  and  a  little  further  off  a  vertical 
stripe.  A  piano-cylindrical  concave  lens  of  IC  radius  produced  a  consider- 
able improvement. 

Goode  found  three  other  gentlemen  in  the  University  of  Cambridge, 
whose  astigmatism  in  one  eye  was  improved  by  a  planu-oylindrical  lens  of 
12"  radius. 

These  cases,  much  as  wo  value  the  communication  of  them,  show  that 
Airy*s  method  was  iusufHcient,  accurately  to  determine  the  farthest  point  in 
the  two  principal  meridians,  and  in  general  the  degree  of  astigmatism.  The 
seat,  t(io,  of  the  latter  was  unknown  to  Goode.  Even  in  the  highest  degrees 
of  astigmatism  he  could  not  satisfy  himself  as  to  the  asymmetry  of  the 
corni'a,  and  he  was  therefore  inclined  to  seek  the  cause  in  the  crystalline 
lens. 

A  case  of  abnormal  astigmatism  was  almost  at  the  same  time  communi- 
cated by  Hamilton  in  the  same  journal  {Monthly  Journal,  1847,  p.  891). 
In  this  instance,  torpor  of  the  retina  existed  as  a  complication,  as  it  appears, 
without  limitation  of  the  field  of  vision.  As  to  the  astigmatism,  it  was 
characterised  by  distinctness  of  horizontal,  and  indistinctness  of  vertical 
lines.  If  I  understand  the  case  aright,  vertical  lines  were  acutely  seen 
at  a  shorter,  horizontal  lines  at  a  greater,  distance,  and  a  plano-concave 
cylindrical  lens,  placed  before  the  eye  with  a  vertical  position  of  the  axis, 
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tuced  an  improvement.  Ih.  TKomiisoo  found  th©  vertical  diameter  q{ 
3ornea  somewhat  greater  than  the  horizontal,  and  he  thought,  moreover, 
the  liori;iontal  meridian  was  somewhat  more  hij^hly  curvedt 

Further,  the  cases  are  known  whkh  are  ap{wD<ied  by  Hays  to  the  Araencan 
edition  of  Lawrence^s  work  (Liiwrence  Oh  Dtfieamn  of  the  Et/e,  edited 
by  J.  Hays,  Philadtlphia,  l8ol,  p,  GGO)*  The  tirat  ia  that  of  a  clergyman, 
whose  description  affords  an  exeelJeut  picture  of  nimple  myoi;ie  astigmatism. 
With  the  naked  eye  lie  saw  Tertioalj  with  a  ooneave  glass  horizontal  linen 
distinctly*  That  he  did  not  perceive  both  lines  equally  acutely,  esnaped 
him,  until,  by  the  use  of  negative  glassen,  the  distinctness  wa«  inverted. 
After  an  able  analysis  of  his  case,  the  patic  nt  came  to  the  conclusion,  that 
he  should  need  a  spheroidal  or  cylindrical  glass  for  correction^  but  he  did 
not  venture  to  decide  whether  it  shotild  be  convex  or  concave.  Hays*  note 
states  merely  tliatM'Allister,  theoptician^  ground  for  hira  a  plano-cytindrical 
(positive  or  negative?)  glass,  and  that  vision  was  remarkably  improved 
by  it. 

**  We  have,'*  continues  Hays,  '*  within  the  past  year  6cen  two  cases  in 
which  this  defect  of  vision  existed, 

'♦  The  subject  of  the  11  ret  was  a  lady,  sixteen  years  of  age,  who  constilted 
me  in  consequence  of  her  vision  being  so  defective  as  to  materially  interfere 
with  her  education.  I  accompanied  her  to  Mr.  McAllister's,  and  found  that, 
with  the  assistance  of  a  double  concave  lens  of  high  power,  she  could  I'ead 
ftuMciently  well  witli  her  left  eye  ;  but  none  of  the  ordinary  glasses,  either 
oonoave  or  convex,  would  enable  her  to  distingui.^h  ordinary-sized  letters  with 
her  right  eye*  I  tlien  instituted  some  exjx^rimenta  to  ascertain,  if  fiosaible, 
the  cause  of  this  defective  vision.  Having  drawn  two  bold  dark  lines  of 
equal  length,  crossing  each  other  at  their  centres,  at  right  angles,  and 
shown  them  to  the  patient,  she  was  able  to  see  them  suffioiently  well  to 
state  that  the  per^iendicular  line  appeared  to  her  longer  than  the  horizontal. 
Mr,  McAllister  furnished  me  with  some  mathematical  diagram s^  which, 
being  shown  to  the  patient,  she  stated  that  circles  appeared  to  he  ovala,  the 
circles  appearing  elongated  perpendicularly.  Various  other  trials  were 
made,  all,  however,  tending  to  show  that  objects  seemed  to  her  to  be  elon- 
gated in  their  perpendicular,  and  shortened  in  their  transverse  diameters. 
Mr.  M'AlHster,  haviag  fortunately  some  lenses,  plane  on  one  side,  and  with 
a  concave  and  cylindrical  surface  on  the  other,  I  soon  found  one  which 
corrected  the  distortion.  I  had  prepared  fur  her  spectacles  with  a  double 
concave  Jens  of  tho  proper  number  for  her  left  e}'©,  with  a  plano-ooncave 
cylindrical  lens  for  the  right  eye,  with  which  she  tan  read  ordinary  print 
with  either  eye^  and  still  better  when  using  both  eyes* 

'*The  second  case  occurred  in  a  gentleman,  about  tifty-tive  years  of  age, 
who  consulted  m©  for  an  inflaracd  eye,  about  w^hicb  he  was  very  anxious,  as 
he  stated  it  was  his  best  eye,  the  other  having  been  always  so  defective  as 
to  be  nearly  useless*  On  examining  into  the  nature  of  this  defect,  I  found 
that  it  was  similar  to  that  in  the  preceding  case,  except  that  objects  were 
elongated  in  their  horizont^il  diameter/' 

Besides  the  above  cases,  only  one  more  has  been  recorded,  which  was 
observed  on  the  Continent  of  Europe.     It  was  described  by  Pastor  Sohnyder, 
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of  MeDzhnrg  (Switzerluid,  canton  of  Lnoeme),  who  disooTered  this  anomalj 
in  his  own  person  {Jnn.  d'Oeulittique,  t  xxL  p.  222<.  Bmzelles,  1849— takes 
from  the  Verhandlungen  der  8ehweizeri$chen  Xaturfortehenden  GeseUtekafl 
— to  which  I  have  not  an  opportnnity  of  referring).  He  was  nearsighted  for 
vertical,  farsighted  for  horizontal  lines.  For  correction  he  used  bi-oonTez 
cylindrical  glasses,  combined  with  bi-coneaTc  sphericaL  I  find  no  record  of 
what  the  focal  distance  of  the  glasses  was.  Mr.  Schnjder  had  no  other  menu 
of  disooveriog  the  defect  than  the  fact  that  horizontal  and  vertical  wires  woe 
not  accurately  distingmshed  at  the  same  distance.  In  order  to  determine 
what  glasses  were  required,  he  seems  to  have  tried  which  he  needed,  in  oida 
to  see  acutely  horizontal  and  vertical  wires,  placed  at  the  same  distance. 

I  might  here  close  the  history  of  our  knowledge  of  astigmatism.  At  lesst, 
no  other  facts  have  come  under  my  cognizance.  It,  however,  occurs  to  me 
that  something  further  should  be  stated  as  to  what  has  been  assumed  or  sus- 
pected by  different  writers  respecting  the  seat  of  the  anomaly. 

As  might  be  expected  from  Airy, — ^in  the  absence  of  satisfactory  reasons, 
he  has  wisely  refrained  from  expressing  any  opinion  as  to  the  seat  of  the 
asymmetry.  He  appears  also  to  have  used  no  effort,  to  attain  to  certainty 
respecting  this  point  Goode,  on  the  contrary  states,  that  in  a  case  of  highly- 
developed  astigmatism,  he  in  vain  endeavoured  to  satisfy  himself,  from  the 
form  of  a  reflected  image,  of  the  existence  of  peculiar  asymmetry  of  the 
cornea,  and  he  justly  adds  that  he  was  therefore  inclined  to  look  for  the 
seat  of  the  defect  in  the  crystalline  lens. 

In  the  case  described  by  Hamilton,  Dr.  Thompson  examined  the  cornea, 
whose  vertical  measurement  he  found  somewhat  greater  than  the  horizontal, 
*'  bcinfj  shaped  somewhat  irregularly,  and  the  diameter  projecting  slightly 
upwards  and  inwards."  Haniilton  adds,  **  Dr.  Thompson  thought  he  per- 
ceived a  somewhat  more  marked  curvature  of  the  cornea  in  the  transverse 
diameter."  According  to  what  method  the  examination  was  made,  is  not 
stat<;d.  The  result,  however,  renders  it  probable  that  the  cornea  was  con- 
cerned in  the  asymmetry. 

Wharton  Jones  (Manual  of  Ophthalmic  Medicine  and  Surgery.  2nd  Edi- 
tion, London,  1855,  p.  352),  and  Wilde  (Dublin  Journal  of  Medical  Science, 
1st  Series,  vol.  xxviii.  p.  105)  go  still  further.  Without  more  accurate  in ves- 
ti^jation,  they  assume,  that  the  foundation  of  astigmatism  is  really  to  be  sought 
in  the  cornea.  Both  put  it  prominently  forward  as  an  established  fact,  that  the 
oornea,  in  its  vertical  meridian,  has  a  shorter  radius  of  curvature  than  in  the 
horizontal,  and  they  explain  Airy 's  case  (they  themselves  observed  no  cases)  by 
a  peculiar  development  of  that  difference.  What  W.  Jones  (Cyclopaedia  of 
Practical  Surgery,  Art.  CorneUj  p.  832)  describes  as  **  a  case  of  cylindrical  de- 
lorniation  of  the  cornea,  produced  by  injury,"  does  not  apply  here.  Whence 
tluy  derive  the  proof  of  the  fact  put  forward  by  them,  is  a  puzzle  to  me.  So 
far  as  I  know,  previously  to  the  date  of  the  communications  of  Jones  and 
Wilde,  the  radius  of  curvature  of  only  one  cornea  was  determined  in  the  ver- 
tical and  in  the  horizontal  meridian, — viz.,  by  Senff  (conf.  Volkmann,  Art. 
tSrhcNf  p.  271,  in  Wagner's  Handirlirterhuch  der  Physiologie,  1846).  In  this 
instance  the  radius  was  found  scarcely  shorter  in  the  vertical  meridian.  How 
little  in4>ortAnce,  moreover,  was  to  be  attached  to  one  observation,  appears 
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from  tb©  inveatigtttion  of  Knupjj^  who  found  in  the  majority  of  hia  measure- 
I  tnents  the  radius  longer  in  the  vertical  meridian.  It  was,  therefore,  not  until 
rafter  Uie  numeronft  measurements  made  by  ua,  that  we  voutured  to  assert,  that 
I  the  horizontal  meridian  naually  has  the  longest  radiua. — A  little  work,  how- 
ever, which  I  found  quoted  in  more  than  one  place*  1  have  been  unable  to 
oouBuit :  I  mean  Gerson  {De  fttrma  coniccp^  Giittingen,  1810),  Mackenzie 
(/.  c,  p.  926)  burrowed  from  it  the  faet^  that  Fischer  could  not  at  the  same 
time  distinctly  see  horizontal  and  vertical  lines^  Here,  therefore,  astigma- 
tiam  is  in  question.  This  circura stance,  taken  iu  connexion  with  the  title  of 
the  work,  leads  us  to  buppose,  that  Gerson  8ou;£^btthe  seat  of  the  defect  in  the 
cornea.  Might  we  perhaps  find  in  it  reasons  for  the  assertion  of  Wharton 
Jones  and  Wilde  ?  It  seems  to  me  that  it  is  not  to  be  supposed  that  the 
form  of  the  cornea  was  satiafactorily  dLtermiced  by  Gerson, — and  still  lessi 
that  subsequent  writers  would  not  have  mentioned  it,  Wharton  Jones  gave 
hi«  explanation  only  as  a  supposition.  Wilde,  on  the  contrary,  says  ex- 
pressly, **  It  is  well  known  that  the  cornea  is  not  a  correct  surface  of  revo- 
lution, but  that  the  curvature  of  ita  hori;£ontal  plane  is  less  than  that  of  ita 
verticftL  When  this  exceeds  the  normal  extent,  it  gives  rise  to  irregular 
refraction,  causing  a  circle  to  appear  an  oval/*  &c*,  &c.  Wilde  was  so  con* 
vinced  of  the  correctness  of  this  opinion,  that  he  did  not  hesitate  to  replace 
the  name  of  cylindrical  eye,  chosen  by  Wharton  Jones,  by  that  of  *  cylin- 
drical cornea/ 

That,  with  some  exceptions,  Wharton  Jones  and  Wilde  approached  the 
truth,  haa  appeared  from  our  investigation.  But  do  tliey  deserve  credit  for 
this  p  In  my  opinion,  Young*s  observation  on  his  own  eye  should  rather  have 
led  them  to  look  for  the  seat  of  the  defect  in  the  crystalline  lens,  and  so  long 
as  the  aRymmetry  of  the  cornea  was  not  satiafaotorily  ascertained  by 
measurementt  it  appeared  more  philosophical  to  keep  to  that  view.  Their 
assertion  was  therefore  a  very  bold  one*  We  see  that  in  science  also  tlie 
quotation  is  aometimes  applicable,  that  *^audace9fartunajutaL'* 


§  40.  IiiitEGULAR  Astigmatism. 

Irregular  astigmatism  may,  as  well  as  the  regular^  be  divided  into 
normal  and  afjitonnaL  The  iiormal  form  is  connected  with  the 
structure  of  the  lens  ;  the  cornea  does  not  participate  in  producing 
it,  Tl»e  abnormal  degreesj  on  the  contra rj^  which  ctnitfiderably 
disturb  the  power  of  virion j  may  depend  npon  irregularities  of  the 
cornea  as  well  ai*  upon  those  of  the  lens. 

We  commence  with  normal  irre^rdar  astlgiJiatism,  The  principal 
phenomenon  attending  thii^i  irregularity  is  known  under  the  name  of 
polj^opia  monoctiians.  With  some  attention  any  one  can  obi^erve 
this  polyopia  in  Iniiisielf,  Ejes  in  which,  the  lens  being  present, 
it  sboiild  be  entirely  wanting^  are  undoubtedly  rare  exceptions.     The 
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following  experiments  will  be  su£Scient  to  satisfy  us  of  its  eostence 
and  of  its  importance. 

1'.  IjcI  a  small  Hack  spot,  on  a  gre^  or  whiU  ground  (as  .],  be 
gradually  brought  nearer  to  the  eye  than  the  distance  of  distinct 
vision  :  most  people  will  then  observe  that  the  black  spot  passes  into 
a  circle  of  greyish  spots,  which,  when  the  spot  is  removed  from  the 
eye,  again  approach  one  another,  and,  at  the  distance  of  distinct 
vision,  coah.-sce  to  form  a  black  spot.  It  is  desirable  in  this  and  in 
the  following  exj>erimeut  to  keep  our  eye,  without  alteration,  ac- 
commodated for  the  farthest  point,  in  order  that  the  magnitude  of 
the  pupil  may  continue  the  same ;  we  must  therefore,  if  not  myopic, 
arm  the  eye  with  a  positive  glass,  say  of  J  —  A,  in  order  thus,  while  the 
eye  continues  relaxed,  to  be  able  to  bring  the  point  to  either  side  of 
tlie  distance  of  distinct  vision.  If  we  subsequently  carry  the  spot 
beyond  the  distance  of  distinct  vision,  and  for  the  greater  correctness 
of  comparison  we  may  for  the  greater  distance,  take  a  proportionately 
larger  point  (as  .),  several  spots  usually  again  appear ;  but  in  this 
case  a  central  darker  spot  remains,  around  which  the  other  paler  spots 
are  more  or  less  regularly  grouped.  This  central  spot  was  absent 
when  the  black  spot  was  nearer  than  the  distance  of  distinct  vision : 
on  this  account  with  equal  deviation  of  accommodation  we  distinguish 
better  (tlie  diameter  of  the  pupil  being  assumed  to  be  unchanged), 
when  the  eye  is  accommodated  for  a  too  near,  tlian  for  a  too  distant, 
object. 

2".  We  may  repeat  this  experiment  with  a  whit^  spot  on  a  hl^ich 
ground.  As  white  spots,  we  may  make  use  of  small  granules  of 
wliitelead,  got  by  scraping  an  ordinary  visiting  card,  and  spread 
u])()n  black  velvet.  Among  these  granules  we  find  a  great  variety 
of  si/.es.  If  we  take  one  of  the  largest,  of  about  j  mm.  in  diameter, 
the  experiment  will  yield  nearly  the  same  results  as  were  obtained 
Mith  tlie  blaek  spot.  It  will  then,  however,  more  distinctly  appear, 
tliat  each  spot  is  radiatingly  elongated,  and  exhibits  dispersion, — 
M'ith  the  blue  turned  towards  the  centre,  when  the  spot  is  nearer  than 
th(j  distance  of  distinct  vision,  with  the  red  towards  the  centre,  if  the 
point  lies  beyond  it. 

3^.  Let  the  experiment  be  repeated  with  one  of  the  smallest 
graimles.  Tlie  radiatingly  elongated  s|)ots  have  now  given  way  to 
shmder  rays,  which,  when  the  granule  lies  nearer  than  the  distance  of 
distiiictnei$s,  do  not  run  together  in  the  middle,  and  which,  on  the 
contrary,  have  a  white  spot  in  the  centre,  when  the  object  is  beyond 
the  distance  of  distinct  vision. 
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4**.  Let  the  observer  look  at  a  little  point  of  light,  for  ex^imple, 
at  a  small  opening  timied  towards  the  light,  but  still  better  (in 
order  to  avoid  diffraction),  at  a  small  image  of  light  formed  by  re- 
flexion* The  phenomena  are  then  observed,  in  proportion  to  the 
magnitude,   precisely  as  they   have  been   described  under  2^  and 

By  tbese  experiraentsi  we  have  now  learned  that  polyopia,  in 
looking  at  a  small  object,  is  the  same  phenomenon  as  that  of  the  rays, 
under  which  at  a  distimce  a  bright  .ntar  or  light  appear?,  for  which 
the  eye  is  not  accommodated.  To  each  priticipa!  ray  corresponds  one 
of  the  marginal  spots,  under  which  the  black  dot  appears.  There- 
fore, too,  those  have  the  most  distinct  polyopia^  who  in  a  point 
of  light  perceive  a  comparatively  small  number  of  distinctly  sepa- 
rated rays. 

5**-  Let  a  small  point  of  hght,  a  httle  reflected  image  or  an 
opening  of  |  mm.  (0' Of)  192  of  an  English  inch)  in  a  metal  plate, 
turned  towards  the  sky^  be  gradually  brougbt  near  the  eye.  Having 
arrived  nearer  than  the  distance  of  distinct  vision,  the  point  of  light 
divides  into  a  certain  nuaiber.  of  bright  rays,  and  even,  when  it  has 
reached  the  anterior  focus,  the  circle  of  ditfusion  in  the  retina  being 
as  large  as  the  pupd,  the  rays  are  still  visible :  they  are  the  hues  of 
light  of  the  well-known  entoptic  image  (compare  Fig.  103,  p.  200), 
which  occurs  in  most  eyes  under  this  form.  The  transition  of  the 
bright  rays  into  the  lines  of  light  of  the  entoptic  image  is  very  easily 
observed.  While  the  light  in  the  entoptic  luminous  circle,  attain- 
ing on  the  retina  the  magnitude  of  the  pupil,  has  been  more 
uniformly  divided,  the  few  very  bright  rays,  of  which  the  image  of 
a  star  almost  exclusively  consists,  are  therein  only  faintly  repre- 
sented by  the  said  lines  of  light.  The  number  and  direction,  how- 
ever, remain  precisely  the  same. 

From  these  experiments  it  appears,  that  polyopia  uniocularis,  rays 
of  stars,  and  radiating  lines  of  light  in  the  entoptic  spectrum  are 
dependent  on  the  same  cause,  rest  upon  the  same  jiecuHarity  in  the 
structure  of  the  eye.  If,  therefore,  we  have  ascertained  the  source 
of  one  of  these  phenomena,  we  know  that  of  all. 

Now  we  have  already,  in  treating  of  the  entoptic  phenomena,  seen 
that  the  lines  of  light  of  the  entoptic  spectrnm  (compare  Fig,  103) 
are  to  be  sought  in  the  crystalline  lens :  on  moving,  in  fact,  the  eye 
behind  the  point  of  light,  no  parallax  is  perceptible,  and  their  cause 
therefore  lies  nearly  in  the  plane  of  the  pupil,  and  consequently  in 
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the  lena.     Hence  it  follo^vs,  that  both  the  nijs  emergiDg  from 
of  light  and  the  polyopia,  have  their  origiu  iu  the  lens.     This  if 
tledsivcly  provet!  by  the  circmn stance,  that  all  these  phenomcitt 
wjuidiig  when  the  lens  is  absent  from  the  eje  (aphakia).    Mi 
wc  can  now    further   show  that  the  cornea   has   no  essentiil  p\ 
therein.     In  tlie  first  place,  in   examining  the  reflected  imaged] 
the  cornea,  if  such  irrei^nlaritiesj  were  here  present,  as  are 
for  the  explanation  of  the  phenomena  in  question,  they 
been  apparent.      And,  iu  Uie  second  place,  I  have  excluA 
action  of  the  cornea  by  plunging  my  eye  into  water  in  a  httle  bi] 
bounded  by  a  convex  glass  replacing  the  cornea,  and  the  phi 
have  then  continued  under  the  u^uul  form. 

If  the  cause  be  thus  situated  in  the  len^t,  the  question 
itself,  how  the^  phenomena  are  to  be  explained  by  it.  In  Use 
place  we  observe,  that  the  form  of  the  rays,  under  similar 
stances  [icrfectly  constant  for  each  eye,  immediately  reminds 
the  peculiar  structure  of  the  lens,  namely  of  the  radiating 
from  which  its  fibres  proceed.  Those  of  the  anterior  surface  i 
observe  in  any  one  in  the  living  eye,  by  latend  focal  illui 
(Ilchnholtz),  especially  by  employing  a  lens,  and  better  still  with 
aid  of  the  phacoidoJ^coI>e  (compare  p.  16),  The  lines  of  the 
surface  differ  in  form  and  in  direction-  Mcanw  hile  the  ciystaliiai 
lens  is  by  those  lines  divided  into  irregular  sectors.  Now  Ik 
explanation  of  the  polyopia  is  this,  that  each  sector  forms  a  sep^ 
rate  image.  The  proof  of  this  I  have  given  twelve  y^rs  ago,  by 
moving  a  rather  small  opening  (about  i  mm.,  or  0*01968  of  an  £d- 
ghsh  inchj  in  diameter)  before  the  pupil,  while  the  multiple  imagtol 
a  point  of  light  falls  upon  the  retina.  We  thus  see  a  simple  ii 
when  the  opting  corresjmnds  to  a  given  sector,  and  when  by  si 
the  opening  we  come  to  the  boundary  between  two  sectors,  two 
images  appeal',  of  which,  on  further  displacement,  that  tirst  s*«n 
appears,  while  the  one  which  has  sui^erveued  remains  alone  andbriglii 
On  more  rapidly  mo\ing  the  opening  it  appears  as  if  the  little 
of  light  jumps,  wliich  really  happens  in  the  transition  from  one 
to  another.— In  proportion  as  we  accommo<late  with  more  preci^oo, 
tlie  multiple  images  a]»]iroa<.*h  one  another,  and  finally  coalesce  into 
o n  e  i  m  age .  H  o we ver,  even  w  i  t h  t b e  most  perftx-t  a ccom m od a tio n ,  t 
do  not  exactly  cover  each  other.  In  the  first  place,  regular 
raatism,  and  in  so  far  the  conica  also,  here  plays  a  part.  ITiis 
astigmatism  manifests  itself  precisely  by  the  fact,   that  the  h 
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I  placed  opposite  to  each  other  more  spee^lily  reach  each  other  in  one 
direction  thsui  in  the  opposite.  The  resnlt  of  this  is,  that  a  point 
of  light  always  appears  somewhat  angular,  and  even  a  Hack  spot 
tmdergoes  a  peculiar  change  of  form  on  a  slight  play  of  accommo- 
dation, without  nt  the  same  time  ceasing  to  be  black.  But  even 
when  we  completely  correct  the  regular  astigmatism  by  means  of  a 
suitable  cylindrical  glass,  all  the  multiple  images  do  not  meet  pre- 
cisely in  one  place :  in  one  direction  or  another  a  single  one  projects 
beyond  the  rest  into  the  centre,  and  accurate  consideration  of  a  point 
of  light  shows  that  all  have  not  even  their  focus  exactly  in  the 
same  axis. 
jjji  this,  therefore,  lies,  in  the  first  place,  an  element  of  trret^ular 
A  iiecond  element  we  find  in  the  image  of  each  sector  in 

TFself,  It  is  very  difficidt  by  experiments  to  get  a  correct  idea  of  the 
image  of  each  sector.  The  impression  of  light  on  e^kch  point  is,  iu  fact, 
not  proportional  to  the  strength  of  the  light,  and  consequently  we  ob- 
t^iin  a  differeiit  result  with  respect  to  the  distribution  of  light,  in  pro- 
portion to  tlic  brightness  of  the  light  with  which  we  experiment-  On 
repeating  the  experiments  above  stated  we  had  abundant  opportunity 
to  satisfy  ourselves  of  this.  While,  for  example,  a  bright  fixed  star 
(Sirius  1  have  often  taken  as  the  object),  with  slightly  hypermetropic 
arrangement  of  my  right  eye,  gives  seven  or  eight  extremely  fine 
bright  rays,  partly  ramifying  towards  the  [>f'rip!irry,  and  terminating 
at  a  short  distance  from  the  centre,  a  less  bright  luminous  point 
appears  rather  as  a  circle  of  spots,  with  comparatively  very  strong 
illumination  in  t!ie  periphery,  about  agreeing  with  the  circle  of  spots 
under  which,  with  a  similar  arrangement,  we  see  a  black  spot.  The 
rule,  however,  remains  with  each  illumination,  and  also  iu  experi- 
menting with  a  spot  of  a  certain  extent,  that  each  image  is  elongated 
in  the  direction  of  the  rays  of  the  whole  circle  of  diffusion,  so  that 
we  can  in  it  distinguish  an  outer  and  an  inner  margin,  which  last  is 
turned  towards  the  centre  of  the  circle  of  diffusion.  We  can  now 
further  satisfy  ourselves : — 

l^  That  the  image  of  each  st^ctor  is  astigmatic.  Through  an 
opening  of  about  0'5  mm.,  held  before  a  given  sector,  a  fixed  star, 
which  under  the  greatest  magnifying  power  remains  a  point,  forms, 
with  the  most  perfect  accommodation,  an  image  on  the  retina,  which, 
were  it  accessible  to  our  investigation,  would  certaiidy  be  very  per- 
ceptible. The  light  of  a  lantern,  seen  at  a  great  distance  through 
a  single  sector,  is  nearly  as  great  as  if  we  had  approached  it  by  half 
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the  distance.     By  using  monocliromatic  light,  the  astigmatism  of 
each  sector  remains  unmistakeable. 

ft*^.  That  the  image  has  an  aberration,  agreeing  with  the  spherical 
aberration.  In  the  circle  of  diffusion^  formed  by  a  spherical  lens 
from  a  monochromatic  point  of  light,  the  light  is  not  nniformly  dis- 
tributed. Before  the  focus  of  the  rays  (as  both  constroction  and 
direct  experiment  readily  show)  the  illumination  is  strongest  at  the 
outside,  behind  the  intersection,  in  the  centre  of  the  circle  of  diffusion. 
Now  the  same  is  true  of  the  light,  refracted  by  one  of  the  sectors. 
Therefore  a  point  of  lights  and  even  a  httle  luminous  spot,  seen 
through  the  whole  lens,  is  more  strongly  illuminated  in  the  centre  or 
at  the  circumference,  accordingly  as  the  eye  is  accommodated  fcir  a 
shorter  or  longer  distance  than  that  at  which  the  spot  is.  We  have 
already  remarked  tliat>  consequentlyj  the  magnitude  of  the  circles  of 
diffusion  being  equals  the  acuteness  of  vision  suffers  more  when  the 
retina  lies  behind  than  when  it  lies  in  front  of  the  focus* 

We  have  thus  indicated  two  causes  of  normal  irregular  astig- 
matismy  namely,  the  imperfect  coincidence,  even  after  accommodation, 
of  the  images  of  the  different  sectors,  and  the  astigmatism  proper  to 
the  image  of  each  sector  in  itself* 

In  the  image  of  each  sector  we  can>  moreover,  easily  recognise  the 
chromatic  aberration.  In  front  of  the  intersection  each  image  is  red 
at  the  outer,  and  blue  at  the  inner  margin ;  behind  the  intersection 
the  outer  margin  appears  blue,  and  the  central  light  is  reddish.  Now, 
if  we  examine  the  multiple  images  of  a  thin  line,  the  lateral  images 
have  also  coloured  edges,  and  only  the  central  image  is  uncoloured. 
It  is  very  instructive,  as  Helmholtz  has  done,  to  combine  a  line  with 
a  point,  placed  near  the  extremity  of  the  line.  We  now  see,  with 
imperfect  accommodation,  especially  with  adjustment  for  a  greater 
distance,  different  lines  close  to  one  another,  and  we  can  satisfy  our- 
selves that  these,  in  each  direction  of  the  line,  correspond  to  the 
multiple  images  of  the  point  of  light  to  which  they  are  directed.  It 
is  now  evident,  that  the  edges  of  the  central  line  will  be  colourless, 
because  the  radiating  elongation  of  the  sector-image,  whence  it  arises, 
lies  in  the  direction  of  the  line,  and  the  colours  thus  fall  over  one 
another.  We  obtain  the  sharpest,  brightest,  and  most  achromatic 
Une,  by  giving  the  line  such  a  direction,  that  two  opposite  radiating 
sector-images  cover  one  another  on  the  line.  On  the  contrary,  the 
lateral  images  of  the  line  have  coloured  edges,  and  are  at  the 
same  time  fainter  and  broader :  their  section  is  equal  to  the  longi- 
tudinal   section   ^^   *i^^  elongated    image,   to   which  they  corre- 
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spond, — The  phenomena  here  described  maj  also  be  observable  at 
the  boundaries  of  brightly  illuminated  surfaces,  with  imperfect  ac- 
commodation, as  the  transition  from  the  bright  to  the  dark  takes 
place  through  two  or  three  degrees.  Even  with  perfect  aceom- 
modation,  some  can  satisfy  themselves  by  the  fact,  that  they 
see  the  bright  hhjou  as  images  covering  one  anothejr.  1  was  parti- 
cularly struck  with  the  distinctness  and  well-defined  boundary,  over 
the  whole  surface  of  the  round  images  covering  one  another,  of  an 
opening,  through  which  the  nearly  homogeneous  light  of  the  flame 
of  alcohtd  containing  salt  was  seen.  But  more  especial ly  when  the 
accommodutioii  is  not  perfect,  we  see  in  that  experiment  a  number  of 
circles,  for  the  most  part  covering  one  aiiother,  and  by  covering  a 
portion  of  the  pupil  we  can  never  make  one  of  these  circles  partly 
disappear — cut  a  segment  oft'  it :  the  circle  only  grows  fiiint,  to  dis- 
appear suddenly  and  completely,  wheo  the  whole  sector  of  the  lens 
belonging  to  that  circle  is  entirely  covered.  It  needs  scarcely  t^  be 
remarked  that^  on  covering  the  pupil,  the  figure^  as  a  whole,  disap- 
pears on  the  same  side,  when  the  eye  is  accommodated  for  a  nearer 
object,  but  on  the  opposite  side,  when,  on  the  contrary,  it  is  accom- 
modated  for  a  more  remote  point. 

In  the  foregoing  the  cause  of  the  peculiar  distribution  of  light  of 
the  circles  of  diffusion  was  found  in  the  crystalline  Icos,  and  was  in 
general  terms  brought  into  connexion  \rith  the  radiating  tigure,  from 
which  the  fibres  of  the  lens  proceed.  The  perfect  explanation  is, 
however,  not  thus  attained.  The  multiple  images  of  a  point  were 
seen  so  early  as  by  de  la  Hire.*  Thomas  Young  t  examined  the 
circles  of  diffusion  of  a  point  of  light  at  different  distances,  even 
dehneates  tliem,  and  said  respecting  their  cause  i  ^*  The  radiating 
lines  are  probably  occasioned  by  some  sbght  inequalities  in  the  sur- 
face of  the  lens,  which  is  very  superficially  farrowed  in  the  direction 
of  its  fibres/'  Listing  J  discovered  that,  in  many  persons,  in  the 
entoptic  spectrum  of  rays  of  light,  which,  proceeding  from  the  ante- 
rior focus,  run  parallel  in  the  vitreous  humour,  some  bright  lines, 
mostly  in  the  form  of  an  irregular  star,  occur  with  some  all -shoots, 
which  he  looks  upon  as  the  image  of  an  umbilical  body  w^th  suture- 
like and  elevated  nimifications,  derived  from  the  separation,  in  the  fcetal 
state,  of  this  part  of  the  capsule  from  the  inner  surface  of  the  cornea. 

•  MStfunrei  de  Pacadhme  de  Paris,  1694,  p.  400. 

t  Fkito*ophicai  Transactiom  for  l&Ol,  i.  p*  43. 

\  BeUrag  zur  phijttioloifischen  O^dik,     Oottingen,  1845, 
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In  examining  the  entoptic  phenomena  I  found*  that  multiple 
images,  lines  radiating  from  points  of  light  and  the  entoptic  sUr  of 
Listing  pass  imperceptibly  into  one  another,  and  therefore  haTc  one 
and  the  same  origin ;  but  respecting  the  proper  cause  in  the  structoR 
of  the  lens  I  could  form  no  satisifactoiy  idea^  and  e^en  now  1 
have  not  been  sufficiently  successful  in  my  attempts,  to  make  known 
their  result.  Further  investigation  on  this  point  appears  to  me  to  be 
necessary. 

Tlie  astigmatism,  of  which  we  have  thus  far  spoken,  may  be  con- 
sidered to  be  normal.  The  acuteness  of  the  power  of  vision  soffen 
very  little  under  it,  and  least  of  all  when  we  look  with  both  eyes 
together,  and  when  these  have  about  the  same  refraction.  We  never 
find  the  astigmatism  of  both  eyes  exactly  equaU  The  images  of  the 
same  point,  formed  on  the  two  retinas,  therefore,  deviate  a  little  from 
one  another.  Both,  however,  coalesce  in  idea,  and  the  correctness 
of  the  judgment  respecting  the  form  of  a  point  or  of  a  very  small 
object,  sometimes  gains  considerably  thereby.  Thus  the  acuteness 
of  vision,  apart  from  the  stereoscopic  effect,  is  greater  with  two  eyes 
than  with  one  :  if  vision  takes  place  with  only  one  eye,  the  form  of 
the  retinal  image  is,  at  least  in  the  vicinity  of  the  yellow  spot,  pro- 
jected with  greater  accuracy ;  in  vision  with  two  eyes,  on  the  con- 
trary, the  object  is  more  correctly  estimated. 

If  the  acuteness  of  the  power  of  vision,  in  monochromatic  light, 
suffers  little  by  ordinary  astigmatism,  the  achromatism  of  the  eye, 
with  imperfect  accommodation,  may  even  gain  thereby,  as  different 
coloured  images  fall  over  one  another,  and  are  thus  partially 
neutralised.     This  also  is  especially  the  case  in  using  both  eyes. 

II.  Abnormal  irregular  astigmatism, — ITiis  has  its  seat  either  in 
the  cornea  or  in  the  lens.  As  to  the  cornea,  the  kerato-conu^  or  cornea 
coniea  first  comes  under  observation.  High  degrees  strike  the  eye  at 
once.  Slight  degrees,  on  the  contrary,  are  often  enough  overlooked. 
The  disturbance  of  the  power  of  vision  frequently  suggests  the  idea  of 
amblyopia,  combined  with  myopia.  Three  cases  have  already  occurred 
to  me  which  were  long  treated  as  amblyopia.  That  in  this  instance  an 
anomaly  of  refraction,  and  indeed  astigmatism,  is  the  cause  of  the 
diminished  sharpness  of  sight,  is  evident.  A  complete  theoretical  de- 
velopment would,  even  did  we  know  precisely  the  surface  of  curvature, 
which  is  to  be  ascertained  only  by  examination  with  the  ophtlialmo- 
meter,  be  very  difficult.     In  high  degrees,  the  mere  inspection  of  the 

•  Kederlandsch  Lancet,  1846-1847,  D.  ii.  p.  432. 
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cun^nture  and  profile  at  once  satisfy  tlie  observer^  that  the  radius  of 
curvature  io  the  centre  of  the  cornea  is  much  shorter,  so  that  llie  rays 
falling  thereon  from  eaeh  cone  of  light  must  much  sooner  unite, 
Kflpecially  in  reference  to  these  rays  the  eye  is  myopic.  There  must, 
however,  be  not  only  a  difference  in  focal  di.stanre,  but  the  foci  are 
also  imperfect  even  for  suuill  portions  of  the  refracting  surface,  and 
moreoverj  certainly  do  not  all  lie  in  the  mme  axis.  The  high  degree  of 
ftstigraatisra  connected  with  tiiis  state,  therefore,  needs  not  to  be 
further  proved. ^ — ^It  would  be  vei^  troublesome  if,  in  order  to  recog- 
nise slight  degrees?,  we  should  be  obliged  to  have  recourse  to  the  oph- 
thalmometer, in  order  to  determine  the  radius  of  curvature  in  different 
parts  of  the  cornea,  rortunatelj,  we  have  a  more  practical  auxiliary. 
The  already  long-existing  disturbance  of  vision  leads  us  to  resort  to 
the  oplithalnioscope,  chiefly  with  the  idea  of  finding  the  cause  in  the 
fundus  oculi,  and  unexpectedly  we.  discover  the  anomaly  of  the 
refracting  surface*  Tliis  has  happened  to  me  more  than  once. 
Sometimes  the  degree  was  still  so  slight^  tljat  even  after  the  discovery 
of  the  true  cause,  the  observer,  on  taking  a  profile  view,  could  not 
satisfy  himself  as  to  the  state  of  things,  so  that  full  certjiinty  as  to 
the  existence  of  the  anomaly  was  attamable  only  with  the  ophthal- 
mometer. How  the  ophthalmoscope  exhibited  it  is  very  simple.  In 
the  inverted  image,  where  there  is  a  tolerably  wide  pupih  we  over- 
look, at  the  same  time,  a  rather  large  portion  of  the  fundus  oculi ; 
the  image,  therefore,  of  one  part  or  other,  for  example  of  the  optic 
disc,  remains  in  the  field  of  vision  both  on  moving  the  head  of  the 
observer  J  and  on  shifting  the  lens  held  before  the  observed  eye.  At 
the  same  time,  however,  the  rays,  which,  proceeding  from  the  optic 
disc,  strike  the  eye  of  the  obRTver,  pass  e^^ch  time  through  other 
parts  of  the  cornea :  now  if  its  curvature  is  irregular,  the  result  is, 
that  the  form  of  the  disc  eacii  time  alters,  that  it  shortens  in 
this  direction,  extends  iu  that  rlireetiou,  and,  moreover,  is  never  seen 
acutely  in  its  integrity*  In  somewhat  higher  degrees,  too,  the  aide 
of  the  conical  projection  opposite  to  the  incidence  of  the  light  is 
darker,— as  if  shaded. 

That  it  is  important  to  recognise  these  sUglit  degrees  of  conical 
cornea,  and  not  to  treat  them  as  amblyopia,  is  evident. 

Where  the  form  is  favourable  and  the  position  advantageous, 
stenopaeic  spectacles  may  produce  considerable  improvement.  If 
this  assistance  be  not  sufficient  (the  field  of  vision  too  small,  the 
spectacles  aii  aimoyance),  an   improvement   by  operation    may   be 
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tttempted.    Tbd  chief  object  of  the  operation  is  eaaflj  stated:  n 
desire  to  place  the  pupil  before  that  part  of  the  oomea,  vbw 
curvature   ia  most  uniform  and  approaches  most   nearly   to  tbe 
spherical,  in  order  that  a  sharper  image  may  be  formed  in  the  visml 
line,  and  especially  that  direct  vision  may  be  improved.     A  prion 
It  will  be  evident,  that  this  object  will  be  more  easfly  attained 
by  a  small  pupil,  not  only  beomse  the  circles  of  diffusion  are 
thus  rendered  smaller,  but  particularly  because  we  may  expect  the  les 
difference  in  the  radius  of  curvature,  the  smaller  the  portion  of  the 
cornea  is,  which  participates  in  the  formation  of  the  image.     Bow- 
man*  has  made  the  pupil  slit-like  by  double  iriddesis.t  Von  GraefeJ 
confined  himself  to  iridectomy.     Both  obtained  favourable  results 
with  respect  to  the  acuteness  of  vision.     Von  Graefe  proposed  be- 
sides to  procure  diminution  of  the  pressure  in  the  eye,  which  result 
of  iridectomy  had  in  his  hands  obtained  such  brilliant  and  usefdl 
application  in   glaucoma:   he  hoped  thus  to  oppose  the   further 
development  of  the  conicity,  if  not  to  lessen  the  existing  d^ree  of  it 
Bowman,  on  his  part,  has  actually  seen  diminution  of  the  conicity 
take  place  after  iriddesis.     The  results  of  the  latter  operation  upon  the 
power  of  vision  are  still  more  favourable,  so  that  at  present  iriddesis, 
by  which  we  also  obtain  a  small  pupil,  seems  to  deserve  the  prefer- 
ence.    Theoretically,  however,  the  slit-like  pupil,  obtained  by  double 
ireddesis,  appears  to  me,  narrow  as  it  may  be,  not  the  most  favour- 
able :  when  the  direction  of  the  slit  is  horizontal,  the  diffusion  for  ver- 
tical lines  will  still  be  considerable,  and  though  for  horizontal  lines  the 
eye  will  have  little  diffusion,  it  will  be  highly  myopic.     It  certainly 
seems  better,  by  simple  iriddesis,  to  exclude  the  apex  of  the  cone. 
By  means  of  stenopeic  spectacles    (with  artificial   mydriasis)    the 
most  suitable  place  and  form  of  the  pupil  can  be  discovered,  and 
perhaps  also  the  seat  of  most  favourable  curvature  may  be  sought 
with  the  ophthalmometer;  and  when  by  this  or  any  other  mode  we 
have  ascertained  where  and  in  what  form  the  pupil  must  act  most 
advantageously,  the  further  task  of  operative  surgery  is,  to  apply  the 
means  so  as  to  realise  what  is  found  to  be  desirable.§ 

•   Ophthalmic  Hospital  Heports,  etc.,  No.  ix.  1859,  p.  154. 

t  Compare,  upon  this  operation,  also  Critohett,  Ophthalmic  Hospital 
Reports,  etc.,  No.  ix.  1859,  p,  145. 

X  Archivf.  Ophthalmologic ,  B.  iv.  H.  ii.  p.  271. 

§  In  this  respoot,  very  ingenious  proposals  have  been  made  by  Bowman, 
the  object  of  which  is  to  bring  the  pupil  by  means  of  a  second  iriddesis  on 
the  same  side,  proceeding  from  the  margin  of  the  pupil  obtained  by  the  first 


SPOTS  ON  THE  CORNEA  A  CAUSE  OF  IT. 


553 


be  classed  with  conical  corneaj  though  usually  producing  less 
nrbance^  are  parlial  bulf^ings  or  flattcuiugs  of  this  membrane, 
which,  in  consequence  of  suppuration  or  of  softening,  not  unfre- 
quently  occur.     These  are  often  accompanied  Ti^ith  so  much  opacity 

\  to  render  the  disphxceoient  of  the  pupil  by  iriddesis  or  iridectomy 
able.  But  the  Ukstigniatism  is  Dot  thereby  removed,  since  the 
"clear  part  of  the  cornea  has  lost  its  regular  curvature.  Yon  Gracfe 
has  remarked,  that  after  iridectomy  the  funn  of  the  cornea*  gradually 
improved — and  I  have  repeatedly  foutid  tliis  confirmed,  More^^ver, 
it  appears,  tliat  in  these  cases  improvement  is  often  to  be  obtained 
by  cylindrical  glasses,  the  asymmetry  being  partly  rediicible  to  regular 
astigmatism. 

To  the  very  ordinary  causes  of  altered,  and  cousequeiitly  irregukr 
arching  of  the  cornea,  belongs  the  extraci'ton  if  cataract.  Especially 
when  prolapsus  iriilis  or  threatening  prolapsus  kas  existed,  whereby 
the  pupil  has  lost  its  central  po^^ition,  or  where,  with  forward  projec- 
tion of  the  tlap,  the  wound- surfaces  dp  not  perfectly  correspond,  we 
seldom  obtain  a  completely  normal  archiug  of  the  cornea.  If  the 
deviation  is  slight,  the  power  of  vision  may  still  be  quite  sufficient; 
but  on  accurate  investigation  it  now  appexirs  tluit  the  ncutenesa  is 
defective,  and  the  astigmatism  is  in  this  instance  ako  partly  capable 
of  correction  by  giving  an  oblique  position  to  the  convex  glass,  or 
by  combiDation  with  a  cylindrical  one* 

A  common  cause  of  irregular  astigmatism  we  fiud  further  in  spoti 
on  the  conwa.  That  slight  spots  cause  much  more  disturbance  by 
scattering  dilfused  light  in  the  eye,  than  by  reflecting  and  cutting  off 
a  part  of  the  hght,  has  been  shown  many  years  ago,  and  hereupon  the 
indication  for  stciiopccic  spectacles  was  subsequently  founded.  Even  in 
my  first  comnmnieation  1  had  referred  to  the  irregular  refraction  of 
light,  connected  with  spots.  How  much  etlect  this  has,  the  ophthal- 
mosco|>e  afterwards  taught  me,  Tluough  a  rather  transparent  spot  we 
distinguish  the  fundus  ocuU  with  tolerable  accuracy ;  but,  while,  in  the 
mode  described  above,  the  rays  are  brought  consecutively  through 
diiTuront  parts  of  the  spot  to  the  eye  of  the  observer,  he  is  surprised 

iriddcais^  still  nearer  to  tlie  edge  of  the  cornea.  He  has  also  proposed 
to  try,  by  means  of  a  glastj  with  corresponding  curvature^  still  further  to 
improve  the  astigmatism  for  this  place,  at  Least  for  tho  statioDary  eye. 

*  In  the  aoute  process  of  softening  or  suppuration  it  is  a  matter  of  re- 
cognised importance^  to  keep  the  form  of  the  cornea  as  perfect  ns  poasihle. 
To  atUin  this  object,  repeated  experience  shows  that  timely  support  by 
means  of  a  bandage  causing  pressure,  cannot  be  sufficiently  recommended. 
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at  the  extremely  irregular  displacement,  shrinking  and  distortton  oN 
the  forms,  connected  with  a  peculiar  glancing, — very  characteristic  for 
any  one  who  has  once  seen  it.  Spots^  whose  existence  wsas  not  per- 
ceived on  superficial  inspection,  sometimes,  on  examination  with  the 
ophthalmoscope,  produced  in  a  remarkable  degree  the  phenomena 
just  mentioned.  Thus  by  ophthalmoscopic  invesstigation  we  are  leil  t& 
examine  the  cornea  with  focal  illumination,  and  then  we  find,  in  a 
scarcely  perceptible  opacity,  the  c^use  of  the  astigmatism,  and  at  the 
aame  time  of  the  diminished  acuteneas  of  vision,  which  had  at  first 
SQ^ested  the  presence  of  other  causes.^ — Under  these  circamstant^ 
the  surface  of  the  cornea  is  often  not  perfectly  smooth,  m  readily 
appears  from  the  irregular  images  of  a  flame  reflected  on  the  opaque 
part.  This  occurs  chietly  wlien  superficial  ulceration  of  the  cornea 
has  existed.  But  this  inequality  is  not  necessary  to  produce  astig- 
matiam,  and  therefore  local  change  of  the  coefficient  of  refraction, 
with  condensation  of  the  corneal  tissue,  seems  equally  capable  of 
taking  part  in  its  production. — ^If  we  have  not  examined  the  astig- 
matism with  the  ophthalmosoope,  we  shall  often  think  we  find  a 
disproportion  between  tlie  degree  of  opacity  and  the  disturbance  of 
the  acutencss  of  vision,  which  must  be  explained  partly  by  irregular 
astigmatism. 

Finally,  in  some  acute  affections  of  fM  cornea,  particularly  tpii 
irampareni  uken,  a  high  degree  of  irregular  astigmatism  coexists. 
So  much  witli  respect  to  the  cornea.     As  to  the  crystalline  le 
irregular   astigrimtisni   may  by  it  in  two  ways  attain   a  high 
gree,  namely,  by  a  change  in  the  lens  itself,  and  by  displaceme 
of  the  lens.     With  reference  to  the  change  of  the  lens  itself^ 
friend  B(^wraan  recently  wrote  to  me  as  follows :    "  I  have   oti 
thought  that  some  defects  of  vision  may  depend  on  physical  alt 
tions  of  the   len^,  sometimes  independent  of  cataract,  sometimei 
attending  the  earlier  stages  of  cataract ;  making  the  changes  of  shape 
of  the  lens  under  the  same  action  of  the  ciliary  muscle  more  or  less 
incomplete/'     To  these  remarks  I  give  my  full  adhesion-     Even  in- 
dependently of  the  changeabiUty  by  accommodation  irr^ularities  are 
developed  in  the  lens,  which  when  the  eye  is  still  in  a  state  of  rest  mani- 
fest themselves  as  irregular  astigmatism.    Usually,  as  Giraud-Teulon 
,  observed,  this  astigmatism  increases  at  a  more  advanceti  time  of  bfe, 
leBpecially  when  opacity  of  the  lens  is  superadded.  Even  Mackenzie  says: 
i"  Un be nlar  diplopia  is  sometimes  a  precursor  of  cataract,*'  and  Buete 
ajrery  correctly  explains,  how  radiating  opacity  of  the  lens  may  give  ri^ 
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to  diplopia.  We  hear  the  latter  complained  of  mostly,  when  one  eje 
no  longer  takes  much  part  in  visioo,  which  is  very  easily  explicable 
on  the  principles  already  laid  down  (p.  550) » 

Besides,  it  very  seldom  occurs,  that  multiple  images  producing  any 
disturbance  remain,  i^rhen  by  the  assistance  of  suitable  spectacles  the 
accommotlation  has  been  made  as  perfect  as  possible.  In  youth  the 
phenomena  of  irregular  astigmatism  may,  both  without  and  with  ten- 
sion of  accommodation,  be  almost  wholly  absent. — The  irregular  astig- 
matism which  depends  on  displacement  of  the  lerjs,  produces  much 
more  disturbance^  especially  w  hen  the  lens  has  only  partially  reinuined 
in  the  plane  of  the  pupil,  and  the  rays,  therefore,  in  part,  refracted 
solely  by  the  cornea,  penetrate  to  tlie  retina,  Tliia  may  take  place 
in  incomplete  luxation,  whether  spontaneous,  or  produced  by  ex- 
ternal injury;  but  it  appears  to  occur  more  frequently  as  the  result 
of  congenital  ectopia  of  the  lens.  Of  this  I  have  seen  remarkable 
cases,  three  of  which  belonged  to  the  same  family.  Tn  such  instances 
the  power  of  vision  is  very  imperfect.  Just  like  highly  hypermetropic 
individuals,  the  patients  see  near  objects  comparatively  better,  though 
still  very  defectively*  Even  when  the  lens  occupiei«  half  of  the  plane 
of  the  pupO,  they  compart  themselves  as  hypermetropes.  This  led 
me  to  infer  that  convex  glasses  would  be  beneficial  to  them,  and  it 
appeared  that  in  this  I  was  not  mistaken.  The  glasses  required  were 
similar  to  those  indicated  in  aphakia.  On  accurate  examination  with 
the  ophthalmoscope  and  with  focal  illumination  this  result  cannot 
appear  strange.  If  the  lens  even  in  the  normal  eye  is  less  homo- 
geneous near  the  equator  than  near  the  axis,  this  is  especially  true  of 
the  abnormally  situated  lens.  The  reflection  is,  moreover,  very 
strong,  particularly  when  the  lens  lies  obliquely.  At  the  side  of  the  lens 
the  fundus  oculi  is  seen  perfectly  clear;  through  tlie  crystalline  lens  it 
usually  appears  less  clear  and  acute.  This  we  obsexve  especially  in 
examining  the  invert^'d  image,  as  we  can  then  see  the  optic  dis^c  in 
two  closely  adjoining  pictures,  one  larger  and  brighter  by  the  side 
of  the  crysrtalhne  leus,  the  other  smaller  and  less  biilliaut,  formed  by 
the  co-operation  of  the  crystalline  len^.  Thus,  also,  the  image,  formed 
by  the  medium  of  a  glass  lens  on  the  retina,  is  clearer,  more  per- 
fects, and  at  the  same  time  larger  than  that  produced  through  the 
edge  of  the  natural  lens ;  and,  on  the  other  hand,  the  disturbance  from 
the  rays,  which  form  no  sharp  image  on  the  retina,  must  in  the 
latter  case  be  greater  than  in  the  first,  A  steuopseic  apparatus,  by 
which  either  the  rays  entering  the  eye  through  the  crystalline  lens. 


r  IRREGULAR  ASTIGMATISM. 

those  jmssing  m  beside  itj  are  cat  off^  very  miicli  itnprofei  Ik 
,utt'ueJis  of  TigioiL  lo  a  still  jouthfal  lad,  labouring  tinder  cotigc- 
tal  ectopia  of  the  lens^  cataract  was  developed ;  in  proportion  as  tLe 
IS  became  more  opaque,  the  sight  improved,  I  Itad  absolutely  no 
•lucemeut  to  operate  on  this  cataractj  even  after  it  had  become 

^  altliQugh  the  diffuse  Ught  still  continued  somewhat  lUDonFE- 

rho  literature  and  historic  of  our  knowledge  of  irreg^ular  aat%matUm  hiTS 

n  sufficitJoUy  dwelt  upon  in  the  foregoing.  I  fihall  hero  add  only  that  tie 

mture  of  normal  irregular  aitigaiatiani,  with  a  brief  statemeat  of  iti 

entB,  ii  givea  by  Eelmholtz  {L  c,  p.  146).  and  that  the  o^s^s  of  oormi] 

^lar  afltigmati&m  which  have  occurred ^  are  communicated  in  Stdlw^ 

Garion's  monograph  {Benkschrijf^n  d^r  h,  k,  AkatL  v*  2,  p*  172.    Tcfa 

r£l0  Mrmhiinfj  und  d<tvon  abhmtgi^e  Poiartsution   de$  Lichies  im  vten- 

hen  Auge  (on  Double  Eefraotion  and  Polarisadon.  of  Light  depeodiSt 

.AH  in  the  Human  Eye),  pp,  19  et  seq.f  Wien,  1853}  as  diplopia  (polji- 

^phlhalmioa*    The  theory  of  Stellwag  von  Corioii,  which  is  etidait 

title  of  hii  work  J    i«  refuted  by  Gut    (Ueber  IHplopiu  wvllw/J^ 

^1  Zurich  p  18^}. 


CHAPTER  IX« 
BIFFEHENCE  OF  REFRACTIOX  W  THE  TWO  EYES. 

5  41.    OcCtUIt HENCE,   PllENOMEKA,    EeSULTS. 

liiKB  the  orgnns  of  animal  life  in  general,  the  eyes  present  a  great 
ajinmetry  between  the  right  and  the  left  side.  The  statement  so 
often  matle^  that  the  right  aad  the  left  eye  usually  differ  considerably 
is  an  error,  or^  more  strictly  sfyeaking>  an  exaggeration*  In  all 
respects,  similarity  is  rather  to  be  met  with.  This  extends,  not  only 
t«  the  magnitude  of  the  eyeball,  the  diameter  of  the  cornea,  the  colour 
of  the  iris^  the  size  of  the  pupil,  and  other  external  properties^  even 
some  congenital  morbid  deviations,  such  as  microphthaknos,  cataracta 
congenita^  iridemia,  and  acquired  changes  of  form,  such  as  oomea 
conica,  often  occur  in  both  eyes  in  about  the  same  way.  The  same 
is  found  to  obtain  with  respect  to  the  rcfractire  condition  of  both  eyes. 
Even  the  degrees  of  progressive  myopia  in  most  eases  differ  little  in  the 
two  eyes.  We  have  already  seen  that  the  majority  of  eyes  are  nearly 
emmetropic,  and  this  generally  holds  good,  in  fact,  for  both*  This 
emmetropta  is  the  result  of  the  convexity  of  the  cornea,  of  the  position 
and  of  the  fowil  distance  of  the  crystalline  lens,  and  of  the  length  of 
the  visual  axis,  each  of  which  may  in  itself  differ  considerably  in  the 
normal  emmetropic  eye,  and  then  mutually  compensate  each  other, 
But  the  similarity  in  the  Siime  individual  usually  goes  so  far  that,  as 
numerous  mexisorements  have  aliown  me,  the  radius  of  curvature  of 
the  cornea  coincides  almost  perfectly  for  both  eyes;  whence  we  may 
infer  that  for  two  eyes  of  the  same  individual  the  crystalline  lens 
and  the  length  of  the  visual  axis  approach  more  nearly  to  each  other 
than  they  do  for  emmetropic  eyes  in  general.  A  certain  harmony 
also  unmistakeably  exists  in  general  in  the  course  of  tlic  subcon- 
junctival blood-vessels,  in  many  i>ecnliarities  of  the  optic  disc  and  its 
blood-vessels,  in  the  entoptic  figure  of  the  lens,  and  in  the  position 
of  the  yellow  spot  (angle  a).  Even  in  the  asymmetry  of  the  cornea 
there  exists  symmetry  between  the  right  and  tlje  left  side. 

All  this  if*  the  rule.     Exceptionally  it  occurs  that  both  eyes  differ 
much  originally  from  each  other,  particulariy  with  respect  to  their 


558      DIFFERENCE  OF  REFRACTION  IN  THE  TWO  ETE5. 

refractive  condition.  Thus,  as  we  have  already  remarked  (p.  252), 
this  asymmetry  of  the  eyes  is  usually  combined  with  asymmetry  of 
other  parts,  especially  of  the  orbit^  and  of  the  bones  compcsLiig 
it,  so  that  the  ditference  of  the  eyes  is  reflected  both  in  the 
form  of  the  forehead  and  of  the  face.  Since  my  former  obsenn. 
tions  on  this  subject^  I  have  taken  much  pains  in  endeavouring  to 
discover  fixed  rules  on  this  point.  In  this,  liowever,  I  have  not 
suoceedexl.  I  can  only  in  general  maintain,  that  at  the  side  whew 
the  atronge9t  refraction,  or  rather  the  longest  visual  axis  occurs^  the 
orbit  (and  with  it  the  eye)  is  situated  closer  to  the  median  line,  while 
its  surrounding  edges  are  placed  more  forward.  If  the  left  and 
right  half  differ  in  this  respect  from  one  another,  there  exists  ahw  in 
general  a  difference  in  the  refractive  condition,  and  vice  r^na. 
Hence  there  is  evidently  a  connexion  between  the  two.  But  that  tic 
connexion  is  not  absolute  is  not  strange,  for  just  as  with  differing 
form  and  position  of  the  orbits  the  two  eyes  may  be  emmetropic,  it 
must  be  possible  that  equality  of  the  eyes  should  coexist  with 
difference  of  the  orbits  of  the  same  individual.  Though  iofoo  detkr 
and  kmo  simpler  may  be  dissimilar,  they  may  both  be  emmetttqiie 
or  equally  ametropic. 

The  differences  occurring  in  refraction  may  be  divided  into  em* 
genikd  and  acquired.  We  shall  speak  first  of  the  con^^ial^  whidi 
are  the  more  important.  Among  these  must  be  reekoned  the  d]fc^ 
ence  in  myojjia,  though  in  youth  this  is  often  but  slight.  The  jite- 
disposition  was  original  and  the  further  development  was  incladed 
in  it :  where  both  eyes  become  highly  myopic,  that  liigh  degree  rf 
myopia  was  not  present  also  in  youth. 

All  imaginable  combinations  of  refraction  occur  in  fact-  Witi 
emmetropia  of  the  one  eye,  the  other  may  be  either  myopic  or  hypa- 
metropic;  bypermetropia  or  myopia  may  occur  in  very  different 
degrees  in  the  two  eyes ;  lastly,  the  one  eye  may  be  hypermetropic 
and  the  other  myopic.  It  is  remarkable  that,  when  astigmabsm 
occurs  only  on  one  side,  there  is  in  general  in  other  rej^pects  harmon? 
of  refmction  on  both  sides ;  that  is,  with  U  of  the  one  eye,  we  fifld 
hypermetropic  astigmatism  of  the  othex ;  with  M  of  the  one,  myope 
astigmatism  of  the  other;  with  emmetropia,  the  astigmatism  ijs 
mixed. — When  with  difference  in  refraction  of  the  two  eye«,  tbe 
comefiB  have  nearly  equal  radii,  this  is  to  be  considered  as  aa 
dental :  in  general^  under  these  circumstances,  the  difference  is  at 
.great  as  is  usually  the  case  in  eyes  of  different  individuals,      'Oie 
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same  may  be  admitted  also  respecting  the  crystalline  lens,  sinc^  the 
length  of  t!ic  visual  axis  for  each  eye  is  comitfctcJ  with  the  nature 
and  with  the  degree  of  the  ametropia* 

As  to  the  use  of  the  eyes,  with  difference  of  refraction,  this  is 
possible  in  three  ways :  l*^.  binocular  vi:?iori,  2".  vision  with  each  of 
the  two  eyes  alternately,  3^,  constant  exclusion  of  the  one  eye. 

1.  Smulfancoim  vmon  wdk  two  ej/e^f,  even  wbcn  the  eyes  were 
similar^  was  formerly  doubted.  It  was  asserted,  that,  although 
both  eyes  are  properly  directed,  only  one  eye  sees  at  the  same  time^ 
find  that  in  this  the  eyes  reheve  one  another.  This  assertion  has 
long  since  been  refuted.  But  it  certiiinly  is  true,  that  we  usuidly 
abstract  from  the  one  eye  more  easily  than  from  the  other.  If  any 
one  cause^i  the  sight  to  be  directed  to  a  remote  object,  it  apj>ettrs,  on 
subsequent  closing  of  the  left  eye,  ahuost  always,  that  the  right  eye 
has  been  used.  If  a  distant  object  be  covered  with  the  extended 
finger,  this  covering  will  by  mos^t  people  be  effected  for  the  riglit  eye. 
Now  where  there  is  ditierence  in  refraction  that  eye  is  used,  with 
which,  at  the  required  distance,  vision  is  most  acute  and  easic^st. 
But  if  the  ordinary  observation  of  an  object  be  in  qnestion,  there 
may  be  binocular  vision  even  with  unequal  eyes,  witliia  the  hmits  of 
easy  convergence.  This  occurs  in  many  cases,  even  where  there  is  con- 
fflderable  difference  in  refraction.  Experience,  in  fact,  shows  that  in 
spite  of  the  unequal  magnitude  and  unequal  acuteness,  tlic  images  of 
the  two  retinas  assist  one  another  in  observation :  not  only  are  the 
solidity  and  the  distance  more  correctly  estimated,  but  even  acuteness 
of  vision  and  the  facihty  of  reading,  writing,  &c.,  may  gain  thereby. 
This,  indeed,  cannot  surprise  us.  In  the  first  place,  eveu  for  normal 
and  equal  eyes,  there  are  no  absolutely  identical  or  corresponding 
points,  and  it  is  certain  that  such  are  much  less  still  to  be  expected, 
when,  from  original  inequality  of  the  two  eyes,  the  condition 
for  connecting  the^e  j joints  by  practice  more  and  more  perfectly  in  a 
gymnietricai  position,  has  been  wanting  (coin|)are  p.  165).  In  the 
second  place,  as  will  more  particiJarly  be  seen,  the  feeble  tints  of 
diffuse  images  forthwith  disapjjear,  when  the  acute  image  of  the 
second  eye  is  combined  with  them.  In  spCiiking  of  irregular  astig- 
matism, I  have  abeady  alluded  to  a  remarkable  co-operation  of  two 
unequal  images  (compare  p.  550).  How  unequid  in  magnitude  and 
acuteness  the  two  retinal  pictures  of  a  near  object,  viewed  laterally 
by  both  eyes,  often  are  in  equal  eyes !  In  truth,  the  second  eye  in 
rarely  disturbing  to  vision,  unless,  in  consequence  of  an  opacity,  it 
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admits  inuch  diffused  Kght  to  the  retina  j  and  that  evai  then  ilai 
^  disturbance  is  by  no  racans  the  rule,  is  proved  both  by  the  raritj  d 
the  deviation  of  an  eje  affected  hj  cataract,  and  br  the  poesibilitTrf 
the  derelopment  of  cataract  in  one  eye  being  tijtftllj  unobserved. 

To  satisfy  ourselves,  whetlier  both  eyes  take  part  in  tisiod,  if 
cover  them  alternately,  having  fixed  an  object,  by  putting  the  had 
before  them.  Wliichcver  eye  we  cover,  that  which  has  remaiDed 
uncovered  must  continue  to  fix  without  movement,  and  if  tl« 
covered  eye  had  deviated  behind  the  hand,  it  must^  on  removing  the 
latter,  immediately  again  occupy  its  former  place*  If  the  result  d 
this  examination  leaves  any  doubt,  we  place  a  weak  prismatic  glaai 
with  the  angle  inwards  before  the  one  eycj  whereupon,  if  virion  if 
binocular,  double  images  ari?e,  which  are  overcome  by  a  diidiad 
movement  inwards. 

When  there  is  a  difference  in  refraction,  we  can  detennine  the 
farthest  and  nearest  point  of  each  eye  separately.  If  the  acuten^si 
of  vision  is  sufficient  in  both,  wc  usually  find  the  ranges  of  accom- 
modation also  equal*  And  if  these  are  greater  than  the  differencr 
in  refraction,  they  fall  partly  on  one  another:  the  nearest  point  of 
the  lea?t.  refracting  eye  lies  at  a  shorter  distajice  than  the  farthest 
point  of  the  most  refracting  eye.  But  still  we  should  be  very  nmA 
deceived,  if  we  supposed,  that  in  binocular  vision  the  distance  fc< 
which  accommodation  takes  place  could  be  equal.  Boffon  hcW 
this  opinion,  but  we  have  called  it  an  error.  Even  a  slight  difference 
in  refraction  we  are  not  able  to  adjust  by  accommodation,  if  this  has  sji 
equal  range  in  both  ^j^s,  so  inseparably  is  the  tension  of  accomisii* 
dation  in  one  eye  connected  with  that  in  the  other.  Of  this  we  cu 
easily  satisfy  ourselves.  Let  any  one  who  has  equal  eyes,  hold  only  i 
weak  negative  or  positive  glass  before  the  one  eye,  look  at  any  ob- 
ject, and  then  close  alternately  the  one  and  the  other  eye.  Ex] 
meats  of  tliis  nature  are  really  important.  We  perceive  in  the 
place,  that  we  continue  to  accommodate  acutely  with  the  one 
and  indeed  by  preference  with  the  eye,  which,  w\\h  less  tension  of 
relative  accommodation,  forms  the  sharpest  and  largest  images, 
myself,  for  example,  read  the  finest  diamond  type  for  hours  together, 
without  fatigue,  in  the  evening,  without  spectacles,  but  if  I  bring  a 

glass  of 


I 


I 


before  one  eye,  I  nevertheless,  by  preference  use  titti 

eye   for  looking  at  near  objects.     Now   it   further  appears,   thit 
with  tiie  unaided  eye  we  have  in  this  case  a  diffusion -image.    By  no 


CO-OPERATION  OF  THE  SECOND  EYE. 


561 


tensioo  whatever  can  we  succeed  in  getting  a  sharply-defined  image 
for  both  eyes  together.  Einally,  we  observe,  if  we  now  again  open 
the  assisted  eye,  that  the  feeble  part^  of  the  diffuse-image  almost 
entirely  disappear,  while  the  darker  parts  coincide  with  those  of  the 

acute  image.     With  glasses  of  -j^I  experience  no  disturbance  what- 

1 
ever ;  with  those  of  ^  there  is  something  misty,  which  disappears  on 

covering  the  eye  which  is  not  properly  adjusted ;  hut  in  spite  of  that 
mistine^,  both  the  solidity  and  the  distance  of  objects  are  more  cor- 
rectly estimated,  and  with  the  stereoscope  a  st€reoscopic  image  is 
obtained.  Undoubtedly  the  advantages  of  binocular  vision  extend 
much  farther,  if  the  difference  in  refraction  existed  originally,  the 
reasons  of  which  have  already  been  given.  Besides,  just  as  in  the 
experiments  with  artificial  ilifference  by  means  of  glasses,  the  one  eye 
in  tliis  cmse  also  accommodates  sharply,  at  the  expense  of  the  other, 
rather  than  by  average  tension  of  accommodation  to  obtain  half  acute 
images  in  both  eyes.  This,  however,  does  not  prevent  the  acnteness 
of  vision,  when  it  is  imperfect  in  both  eyes,  being  rendered  greater  by 
the  assistance  of  the  less  correctly  acconimodatiHl  eye  :  this  I  liave  ob- 
served especially  in  disturbance,  the  result  of  astigmatism.  Bnt  even 
when  in  consequence  of  too  great  difference  in  refraction,  the  second  eye 
no  longer  assi.'^ts,  it  at  le^^t  produces  no  disturbance.  I  recently  made 
the  acquaintance  of  au  optician  of  great  merit,  who  told  me,  that  he 
was  emmetropic  in  one  eye,  while  in  the  other,  he  had  M  =  1  :  5 '5. 
The  eyes  were  properly  directed  for  any  distance.  In  ordinary 
vision  he  experienced  no  disturbance  and  used  his  emmetropic  eye. 
With  the  emmetropic  eye  a  small  light  at  a  distance  appeared  to 
him  to  be,  in  fact,  very  small ;  with  the  myopic  eye  it  presented 
a  large  diffused  image.  But  if  he  now  opened  the  emmetropic  eye, 
tile  diffused  image  diminished  to  one-half.  He  asked  me  for  the  ex- 
planation of  this  fact.  I  found  it  partly  in  the  diminution  of  the  pupil 
of  the  myopic  eye,  on  opening  the  other,  partly  in  the  circumstance 
thai  the  most  external  and  fainter  portion  of  the  diffusion-image 
actuidly  became  invisible ;  the  outermost  part  was  fainter,  because 
I  he  eye  was  accommodated  for  a  nearer  poifiL 

Not  unfrequently  it  lias  occurred  to  me,  that  the  patient  has 
thought  that  with  one  eye  he  could  scarcely  distinguish  anything, 
notwithstanding  that  the  acnteness  of  vision  was  still  tolerably  good. 
I  have  found  this  in  high  degrees  both  of  myopia  and  of  hyperme- 

3G 
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tropia.     That  the  power  of  vision  of  a  strongly  hypermetropic  eye, 

which  requires  glasses  of  5,  or  even  of  ^^  in  order  to  have  defined 

images  on  the  retina^  has  been  overlooked,  cannot  surprise  ns ;  bat 
it  is  singular  that  clever  and  well-informed  men  have  so  often 
contiimed  ignorant  that  they  still  see  satisfactorily  with  their  strongly 
myopic  eye,  when  they  only  bring  the  object  near  enough.  In 
these  cases  the  unused  eye  has  often  deviated  somewhat,  and  indeed 
almost  without  exception  in  the  outward  direction.  This  direction 
I  have  even  met  with,  when  the  deviated  eye  was  strongly  hyperme- 
tropic, provided  that  myopia,  or  at  least  emmetropia,  existed  in  the 
other  used  eye.  Under  these  circumstances  the  chrection  of  the  eye 
may  for  certain  distances  have  still  continued  correct.  In  general,  I 
must  observe  that  deviation  is  never  produced  by  difference  in  refrac- 
tion. At  most  the  latter  may  be  the  cause,  why  the  deviation  was 
not  prevented,  and  it  is,  in  fact^  no  longer  prevented,  so  soon  as  the 
difference  in  refraction  is  so  great  that  the  one  eye  loses  aU  im- 
portance for  binocular  vision  :  this  eye  is  then  equivalent  to  a  Wind 
eye,  and  just  like  the  latter,  therefore  deviates  outwards.  But  if 
the  eye  has  still  any  co-operation  in  binocular  vision,  vision  is  im- 
proved by  it,  and  certainly  the  deviation  never  arises  in  order  to 
prevent  binocular  vision,  as  has  been  asserted. 

2.  TAe  eyen  are  alternately  used, — In  difference  in  refraction  it 
not  unfrequently  occurs,  that  the  one  eye  is  employed  for  near,  and 
the  other  for  distant,  vision.  I  allude  to  those  cases  in  which  a 
certain  deviation  exists,  and  where,  consequently,  binocular  vision, 
properly  speaking,  does  not  occur :  evidently  this  alternation  exists  as 
a  rule,  so  long  as  binocular  vision  is  maintained,  in  which,  as  we 
have  seen,  the  one  eye  is  always  acutely  accommodated,  and  there- 
fore, in  the  whole  region  of  accommodation,  each  eye  in  part  takes 
the  office  on  itself.  Now,  in  these  cases,  it  may  appear  as  if  the 
range  of  accommodation  is  extraordinarily  great.  Thus  oue  of  my 
friends  boasted,  that  at  a  distance  he  saw  with  perfect  acuteness,  and 
that  in  vision  for  near  objects  he  was  inferior  to  none.  On  exami- 
nation this  was  at  once  explained.     His  right  eye  was  emmetropic, 

and  his  left  presented  myopia  =  ^^.     He  was  liiuiself  not  aware  of 

this.  After  his  twenty-eighth  year  this  last  eye  began  to  deviate 
outwards,  and  was  thus  excluded  from  binocular  vision ;  but  he  con- 
tinues to  use  it,  when  he  wishes  to  distinguish  very  small  objects. 
'Hins  a  deviated  myopic  eye  is  most  certainly  preserved  from  ambly- 
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W  opia,  while,  on  the  contrary,  that  wliich  lias  dcTiated  inwards  becomes 
amblyopic  ihronj^diout  the  greater  part  of  its  field  of  vision.  That  it 
is  of  importance,  if  possible^  to  preserve  it  from  amblyopia,  need 
scarcely  be  observed* 

3.  One  e^emmfy  in  ob^ervaUan^cdniinue  wAolfy  excluded, — Under 
tbis  bead  two  kinds  of  cases  arc  to  be  distinguished  f  those  in  which 
a  morbid  condition  of  the  eye  {e,^.,  detachment  of  the  retina)  has  set 
in,  and  hji5  given  rise  to  the  exclusion  with  deviation,  and  those  where 
the  deviation  wiis  primary,  iiiHucnced  by  the  tension  of  the  muscles, 
and  the  disturbance  of  virion  is  the  result  of  want  of  use.  With  res]>ect 
to  the  first  we  may  be  silent.  As  to  the  last,  we  must  distinguish 
between  the  deviation  inwards  and  tliat  outwards.  In  the  deviation 
outwards  the  field  of  vision  is  eidarged,  and  extends  over  objects, 
which  are  not  seen  by  the  other  eye.  In  the  deviation  inwards  the 
field  of  vij?ion  is  diminished,  and  that  of  the  deviated  eye  falls  more 
over  the  other.  This  may  produce  confusion^  and  therefore  we  men- 
tally neglect  the  impressions  received  on  the  corresponding  part  of 
the  deviated  eye,  which  consequently,  so  far  as  the  common  binocu- 
lar field  of  vision  extenik,  becomes  amblyopic.  In  the  deviation 
outwards  only  a  small  portion  of  the  field  of  vision  is  common;  and, 
moreover,  abstraction  is  less  required,  because  the  nsually  strongly 
myo[yic  eye  receives  very  diffuse  images.  Therefore,  in  these  cases 
the  power  of  vision  is  generally  tolerably  satisfactorily  maintained, 
even  though  the  eye  is  not  used- 

A  word  still  as  to  the  required  differences  in  refraction.  They  are 
limited  chiefly  to  aphakia  and  to  loss  of  accommodation  in  one  eye. 
The  mode  in  which  vision  takes  place  in  aphakia  of  one  eye  has  been 
investigated  by  von  Graefe,  particularly  with  reference  to  the  ques- 
tion, whether  it  is  desirable  to  oiierate  for  cataract  in  one  eye,  while 
the  other  is  sound  ?  His  answer  is,  that,  taking  everything  together, 
"  the  operation  for  cataract  in  one  eye,  with  imjiortant  advantages,  is 
attended  with  no  e45se«tial  injury,  and  is  therefore  always  indicated, 
if  we  can,  with  tolerable  certainty,  reckon  u|)on  a  favourable  result,'^ 
In  this  opinion  I  can  cordiidly  concur.  Particularly  in  active  young 
persons,  in  whom  at  the  same  time  the  danger  of  the  operation  is 
slight,  the  advantages  of  a  wider  field  of  vision,  diminishing  the  risk 
of  wouutls  upon  the  second  eye,  the  removal  of  the  deformity  and 
the  greater  self-confidence  inspired  by  the  possession  of  two  ^es, 
throw  a  considerable  weight  into  the  scale.  Moreover,  I  can*  con- 
firm the  observation  of  von  Graefe,  that  in  young  persons  tlie 
existence  of  combined  vision  can  often  be  established,  whereby  the 
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estimation  of  distance  and  of  solidity  is  improved,  and  that  where 
combined  vision  is  wanting,  the  lensless  eye  at  least  extremely  raielj 
causes  any  disturbance.  On  a  single  occasion  doable  vision  pro- 
duced disturbance  where  there  was  deviation  outwards.  Besides, 
that  strabismus  should  occur  as  a  result  of  the  operation,  I  cannot 
admit.  At  most,  it  is  comprehensible  that  it  should  increase  whoe 
it  had  already  existed,  and  produced,  immediately  after  the  operation, 
double  images,  near  to  one  another,  which  it  was  difficult  to  unite 
again  by  muscular  action. 

Finally,  where  the  power  of  accommodation  is  lost  or  diminished 
in  the  one  eye,  the  distance  of  distinct  vision  does  not  proceed  equally 
on  both  sides.  On  looking  to  a  distance  both  eyes  may,  for  exam- 
ple, be  properly  accommodated ;  this  proper  accommodation  disap- 
pears in  proportion  as  the  object  approaches.  The  inequality  which 
has  usually  suddenly  set  in,  probably  still  more  its  changeable 
degree,  gives  rise  to  complaints  of  dazzling.  The  large  pupil  is 
doubly  injurious,  as  it  makes  the  circles  of  diffusion  larger  and  in- 
creases the  strength  of  the  light  in  the  eye  which  does  not  see 
acutely.  In  speaking  of  the  anomalies  of  accommodation  we  shall 
revert  to  this  point. 

§42.  Treatment  and  Optical  Remedies   in  Difference  of 
Refraction  in  the  Two  Eyes. 

In  the  establishment  of  the  indication,  the  principal  thing  is  to 
determine,  whether  binocular  vision  exists,  or  not. 

Where  binocular  vismi  is  present,  at  any  distance,  the  point  is  to 
maintain  this,  and  if  possible,  to  render  it  capable  of  extension  over 
a  greater  region.  In  the  choice  of  glasses  we  start  from  the  more 
acutely-seeing  eye,  to  which  the  other  must  remain  subordinate. 
Where  there  is  little  difference  in  acuteness  of  vision,  it  may  also 
be  considered  which  eye  needs  the  weaker  glass  for  correction,  that 
is  indeed  also  in  general  the  eye  which  has  the  more  acute  vision.  For 
this  eye  now,  according  to  its  refraction  and  accommodation,  quite 
independently  of  the  other,  all  the  rules  hold  good,  that  guide  us  in 
the  choice  of  glasses  (compare  §§  18,  23,  and  32).  The  question  then 
remains,  what  glass  the  other  eye  requires  ? 

At  first  view  we  might  suppose,  that  for  this  latter  we  should 
have  simply  to  choose  the  glass  that  brings  the  farthest  point  to  the 
same  distance,  at  which  it  lies  for  the  first  eye.  '  This  is  in  fact  the 
opinion  of  laymen:  "My  eyes  differ,  consequently  I  need  different 
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glasses/^ — such  is  the  ordinary  reasoning.  It  is  so  evident,  so  pal- 
pable, and  apparently  so  logical,  that  we  cannot  be  surprised  at  it, 
the  less  ho,  as  the  so-called  "  opticians '"  support  it,  and  are  quit« 
preparfd  to  put  two  different  glasses  in  the  same  frame.  It  is,  how- 
ever, far  from  being  the  case,  tliat  we  should  keep  to  this  rule.  Even 
from  habit  a  great  diftieulty  arisen.  One  person  has,  in  spite  of 
hypermetropia  in  oue  eye,  in  his  youth  always  seen  and  read  with- 
out spectacles,  and  has  never  experienced  any  dilliculty  in  biuocidar 
vision.  Another  reads  admirably  and  snfFers  no  fatigue,  although 
his  eyes  are  in  different  degrees  myopic.  If  we  now  give  such  people 
convex  or  concave  glasses  similar  for  both  eyes,  they  will  he 
satisfied,  for  the  relation  between  t!ie  two  eye^,  to  which  tliey  are  ac- 
customed, remains  almost  unchanged.  If,  on  the  other  hand,  we  give 
them  different  glasses,  whereby  the  range  of  accommodation  in  both 
eyes  becomes  more  eqnal,  we  shall  often  enough  find  the  proverb 
confirmed  ^'  le  mieux  est  I'ennemi  du  bien.^'  The  cause  of  this  is 
principally  that  when  the  distance  of  distinctuess  is  made  equal,  the 
images  of  the  two  eyes  are  not  equal,  but  different,  particularly  in 
magnitude.  Withbi  certain  limits  a  diflercnee  in  magnitude,  such  as, 
with  equal  eyes,  can  be  produced  by  a  combination  of  a  positive  and 
negative  glass  for  the  one  eye,  is,  as  is  shown  by  the  experiment, 
attended  with  no  essential  difficulty,  especially  not  in  looking  at 
objects  situated  in  the  same  plane,  as  in  reading,  writing,  &c.  If 
we  consecutively  close  each  eye,  it  is  found  that  the  letters  appear 
with  one  eye  hirgcr,  with  the  other  smaller,  while  both  eyes  combine 
them  in  a  medium  magnitude.  It  is  well  known  that  tliia  is  equally 
the  case  when  we  look  at  two  uniform  figuresi  with  a  slight  difference 
in  magnitude,  through  the  stereoscope.  It  is  tlie  result  of  the 
varying  and  imperfect  correspondence  of  the  symmetrical  points 
which  must  result  from  the  ordinary  use  of  the  eyes,  in  which  letters 
and  other  forms  are  so  often  met  with  at  somewhat  unequal  distances 
from  the  two  eyes.  But  if  the  dittcrence  in  magnitude  exceeds  a 
certain  degree,  double  vision  becomes  evident,  with  larger  letters 
corresponding  t^  one,  smaller  to  the  other  eye,  which  cannot  be 
brought  to  cover  one  another,  and  which  the  person  is,  therefore, 
inclined,  by  deviation  of  one  of  the  visual  lines,  to  separate  still 
further.  The  same  thing  occurs  when  the  same  distance  of  dis- 
tinct  vision  has  been  produced  in  cases  of  great  differences  in  refrac- 
tion by  difference  of  glasses.*     This  has  led  me  to  adopt  the  rule 

'  We  tuight  turn  higlily  peri8co|iio  glasses  (whose  nodal  pointa  lie  out- 
side the  body  of  the  glas*)  for  the  one  eye  with  the  convex,  for  the  other 
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to  give  similar  glasses  for  both  ejes,  when  the  binocokr  viscm  of 
eyes  of  different  refraction  is  acute  and  easj  at  any  distance  widMmi 
glasses,  and  shifting  of  this  distance  is  necessary,  and  I  find  tins 
to  answer  very  well.  But  may  we  never  deviate  from  this  mk? 
Undoubtedly.  In  the  first  place  we  may  do  so  when  the  difference 
in  refraction  is  slight,  amounting  to  not  more  than  n  or  ».  I  have 
met,  particularly,  with  myopes,  who  have  for  distant  vision  given 
the  preference  to  such  corresponding  difference  in  glasses.  More- 
over, where  there  is  a  greater  difference  in  refraction,  we  may,  by  a 
moderate  difference  in  glasses,  partly  correct  this ;  for  example,  with 
M  =  A  in  one  eye,  and  M  =  j  in  the  other  eye,  we  may  give  a  glass 
of  —A  for  the  first  (if  there  is  no  contra-indication  to  neutrah'satioD), 
and  at  the  same  time  one  of  —  A  for  the  other  eye ;  but  the 
difference  in  glasses  can  rarely  exceed  «  or  ».  Lastly,  there  may  often 
be  an  advantage  in  producing  by  different  glasses,  in  imperfect  acote- 
ness  of  vision,  nearly  accurate  images  on  the  two  retinas,  by  whose 
co-operation  then  the  power  of  distinguishing  is  sometimes  really  in- 
creased.  This  refers  especially  to  hypermetropes :  these,  even,  are 
also  the  cases  in  which  the  patients,  under  the  existing  difference  in 
refraction,  were  not  satisfied  with  their  power  of  vision  at  any  distance 
whatever.  9ut  under  all  circumstances  the  combination  of  the  dif- 
ferent glasses  ought  to  be  tried,  to  ascertain  if  it  is  really  suitable. 
A  priori  we  can  give  no  certain  opinion,  as  the  existing  difference  of 
the  eyes  has  become  habitual,  and  may  have  had  an  influence  on  the 
corresponding  points. 

When  an  eye  takes  part  in  combined  vision,  its  function  is  main- 
tained, even  when  it  constantly  receives  very  imperfect  diffused 
images.  Particularly  the  field  of  vision  continues  in  its  integrity, 
and  if  the  acuteness  of  sight  may  somewhat  diminish,  it  returns, 
when  more  is  required  from  this  eye,  for  example,  when  disturbance 
occurs  in  the  other  and  on  systematic  practice.  This  last  I  consider  in 
every  case  desirable,  especially  in  high  degrees  of  ordinary  hyper- 
metropia,  hkewise  in  aphakia ;  it  is  accomplished,  the  eye  ordinarily 
used  being  closed,  simply  with  a  convex  glass.  Thus  remaining  un- 
enfeebled,  this  eye  is  then  always  ready  to  afford  assistance  so  soon 
as  the  other  may  come  to  fail,  and  at  the  same  time  it  can  still  better 

with  the  concave  surface  towards  the  eye,  or  by  a  peculiar  combination  of  a 
concave  and  a  convex  glass,  different  for  each  eye,  we  might  endeavour  to 
bring  the  resulting  nodal  points  on  both  sides  to  an  equal  distance  from  the 
retina,  and  thus  to  make  the  images  equally  large ;  but  the  method  is  very 
delicate,  and  I  can  scarcely  imagine  that  it  will  ever  be  adopted  in  practice. 
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B  in  binocular  vision.     A  highly  myopic  eye  can  prartise  without. 
Jglass.     Thisj  however^  has  usually  debated  outwards,  and  it.  then 
Wongs  to  another  category,  namely,  to  tliose  cases  in  which 

Binocular  inmon  k  ahenL — It  is  chiefly  under  this  head  that  the 
remarkable  examples  f^ill,  in  which  a  defect  in  refraction  is  looked 
Upon  by  the  patient  ajs  total  uselessness.  I  will  communicate  a 
couple  of  them. 

I.  Mr.  R»,  aged  58,  an  architect,  bus  from  his  youth  been  much  occupied 
with  urchitectural  drawing.  In  tlda  hu  has  always  made  use  of  his  left 
eje.  Since  an  attack  in  the  ^ym^  from  whioh  he  suffered,  hts  hns  mm  less 
acutely  with  that  t-ye.  *'  It  is  my  only  eye,"  he  saya,  *'  and  I  am  much  per- 
plexed/* I  establish  the  existence  of  M  :^  1 :  11*5,  ^  ^  0*6,  diffuse  light 
being  warded  off^  and  of  synechia,  with  opacity  of  the  anterior  surface  of 
the  oiystalline  lens,  the  result  of  iritis.  On  glandng  with  the  ophthalmo- 
scope also  into  the  right,  iomewhat  outwardly  deviated  eye,  I  find  it  free 
from  synechia  and  see  with^  (eorapare  my  metliud  at  p,  337)  the  fnndna 
oculi  scarcely  diffused  in  the  non-inverled  image  ;  the  eye  was  therefore 
hypermetropic.  On  asking  him  how  he  i*aw  with  that  eye,  I  received  for  an 
answer  that  at  a  distance  everything  waa  eonfuaed,  and  tlmt  hu  coidd  distin- 
guish nuthing  near  with  it.  Hia  amazement,  when  he  louked  at  a  distance 
through  a  glasa  of  ^,  is  still  vividly  before  me.  "  I  actually  see  better  with 
this  eye/'  he  exclaimed,  **thfln  I  ever  did  with  the  rijt,'ht,  even  with  tlie 
idd  of  my  concave  glass."  Objects  appyartd  t-o  him  at  the  same  time  muoh 
larger,  and  if  he  looked  at  thofie  with  which  he  was  acquainted,  he  thought 
the  distance  shorter  than  it  really  was.  With  \  be  read  without  diflicuLty  ; 
with  i  ho  distingnrshed  the  smallest  type.  His  hypermetropia  amounted  lo 
not  more  than  ^ ;  S  being  at  the  same  time  =  0-7. 

Two  points  here  deserve  our  attention.  In  the  lirst  place,  that  in  apparent 
disuse  the  eye  had  continued  so  good  :  I  am,  however,  convinced  that  in 
looking  at  distant  ohjeots  the  patient  Dot  nnfrequently  made  use  also  of  this 
eye.  In  the  second  place,  that  with  the  comparatively  slight  degree  of  H, 
he  did  not  know  the  value  of  the  eye.  This  is  oertainly  to  be  ascribed  to 
the  fact,  that  the  other  eye  was  myopic,  and  that  in  youth,  ita  degree  of 
myopia  being  somewhat  less,  it  saw  near  objects  almost  without  exertiotif 
and  at  the  same  time  distiugnished  at  a  distance  better  than  the  hyperme- 
tropic eye  did.  In  this  way  there  waa  no  occasion  to  put  the  aooommoda- 
tion  much  upon  the  stretch.  If  both  eyes  had  been  in  the  same  degree 
hypermetropic,  Mr.  R.  woald  undoubtedly  have  read  with  them. 

II.  Mrs.  L,f  aged  40^  has  a  number  of  general  ailments,  and  to  them  she 
ascribes  it,  that  during  the  lost  six  months  her  sight  has  fallen  off'  very 
much,  **  With  the  right  eye  she  has  never  seen/'  It  is  rather  strongly 
deviated  outwards.  Tlie  left  eye  has  M  ^  I  :  5,  S  ^  10 :  70 ;  the  diminished 
aontenesB  of  vision  is  dependent  on  chorioiditis  disseminata  and  motes  in 
the  vitreoua  humour.  A  glance  into  the  right  eye  with  the  ophthalmoscope 
abows  me  with  ^  ftt  a  diatanoe  the  inverted  image  of  the  fund  as  oculi,  hearing 
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a  rather  oonnderable  circular  atrophy.  It  therefore  appears  that  the  myopia 
has  here  a  much  higher  degree ;  and  while  I  now  approximate  No.  1  to  r, 
the  reads  it  without  any  difficulty,  to  her  own  amazement :  *'  She  had  never 
tried  this."  In  this  eye  M  was=:  1 :2-5,  8  =  10 :40,  and  with  a  gUnoC 
—  i  she  could  still  read  satisfactorily  with  this  eye.  While  the  left  eye  vu 
under  treatment,  I  advised  her  to  practise  the  right  eye  caatiously,  paitlj 
without  a  glass,  partly  with  —  i.  Thus  8  within  some  months  incretaed 
to  9 :  20,  and  the  eye  was,  and  continued,  much  more  useful  than  the  left. 

In  general,  the  optical  treatment  in  difference  in  refraction,  is 
much  easier  where  there  is  deviation  of  one  eye  than  when  there  is 
binocular  vision.  In  this  case,  we  keep  the  better  eye  for  ordinary 
use,  and  keep  up  the  other  by  regular  practice,  with  exclusion  of  the 
better.  In  rare  cases,  with  deviation  outwards,  the  one  eye  is  used 
exclusively  for  distant,  the  other  for  near,  objects.  This  task  they 
must  continue  to  fulfil,  and  we  keep  up  each,  so  far  as  is  necessary, 
according  to  the  general  rules.  This  is,  therefore,  still  simpler. 
Lastly,  almost  always  with  deviation  inwards,  and  not  unfrequently 
also  with  deviation  outwards,  the  one  eye  is  wholly  out  of  use : 
perhaps  it  was  even  originally  less  sharpsighted,  and  now  it  is  quite 
amblyopic.  If  it  no  longer  fixes  on  closing  the  other  eye,  there  is 
nothing  to  hope  for.  Practice  is  then  in  vain. — The  question,  when 
it  is  expedient,  in  deviation,  to  perform  tenotomy,  cannot  be  here 
investigated  at  length.  On  this  subject,  I  may  refer  to  the  well- 
known  essay  of  von  Graefe.  A  couple  of  remarks  may  here  be 
made.  As  the  result  of  my  investigation,  I  have  assumed  that 
difference  of  refraction  never  produces  strabismus,  but  only  does  not 
prevent  its  occurrence.  Consequently,  from  the  difference  in  refrac- 
tion, a  decided  contra-indication  to  tenotomy  is  never  to  be  deduced. 
We  must  say  only,  that  binocular  vision  can  acquire  no  particular 
value.  But  is  not  tenotomy  performed  for  appearance'  sake,  even 
when  one  eye  has  lost  its  sight  ? — A  second  remark  is,  that  in  the 
highest  degrees  of  myopia  an  eye  deviated  outwards  acquires, 
through  simple  tenotomy,  a  better  position  in  looking  at  distant 
objects,  but  seldom  learns  to  converge. 

In  aphakia  of  the  one  eye,  with  normal  acuteness  of  vision  of  the 
other,  especially  with  deviation  of  that  eye,  some  practice  with  a 
convex  glass  is  to  be  recommended,  in  order  to  prevent  retrogression 
of  the  acuteness  of  vision.     Some  minutes  daily  are  sufficient. 

To  the  indication,  in  loss  of  accommodation  of  one  eye,  I  shall 
revert,  in  speaking  of  the  anomalies  of  accommodation,  at  the  con- 
sideration of  wliich  we  have  now  arrived. 


n.-ANOMALIES  OF  ACCOMMODATION. 


INTRODUCTION. 


W  We  coraineTiced  the  second  chapter  of  this  work  by  dcraonstratiDg 
that  the  anomalies  of  refractiuii  aiiJ  those  of  accomiiiodittion  form 
two  different  categories.  We  laid  stress  upon  the  fact  that,  as  the 
first  arc  anomalies  of  the  form,  the  latter  disturbances  in  the  func- 
tion of  muscle?,  tliey  must  be  rigidly  distingwislietl  from  one  another. 
But  with  this  diffeieuce  in  nature^  the  connexion  between  the  two  is 
not  to  be  overlooked.  ITius  we  had,  in  speaking  of  the  emmetropic 
eye,  to  treat  of  presbyopia,  which,  although  the  normal  condition  at 
a  more  adraneed  time  of  life,  is,  with  respect  to  its  essential  nature, 
related  to  the  anomalies  of  accommodation.  Tims,  in  aphakia, 
the  refrtiction  is  abnormal,  but,  at  the  same  time,  the  accommo- 
dation is  removed.  Thus  we  saw  further  how  hypermetropia,  and 
sometimes  also  myopia,  leads  to  spasm  of  accommodiition,  and  how, 
in  the  two  forms,  the  connexion  between  accommodation  and  con- 
vergence is  peculiarly  modified.  If  we  add  that  the  symptoms  differ, 
accordingly  as  tlie  anomaly  of  jiccommodation  occurs  in  emmetropic 
or  ametropic  eyes,  and  that  the  ditTtTential  diagnosis  between  the 
two  categories  is  not  always  free  from  difhculty,  it  will  certainly  be 
admitted  that  it  is  practically  useful  to  append,  in  tbe  same  work, 
to  the  detailed  treatise  on  the  anomalies  of  refraction,  a  short  descrip- 
tion of  the  disturbances  of  accommodation. 

Accommotbtion  depends  upon  muscular  action.  We  are  here  there- 
fore to  expect  the  anomalies  which  are  proper  to  muscles  in  genera]  c 
paralysis  and  spasm.  In  connexion  with  the  former,  the  action  of 
mydriatics;  in  connexion  ^ith  the  latter,  that  of  myotics,  is  to  be 
studied.  Each  investigation  must  be  based  upon  a  knowledge  of 
the  nerves,  which  are  implicated  in  either  condition,  and  we  have  to 
treat  thereof  in  connexion  with  the  movements  of  the  iris,  which  are 
associated  with  those  of  accommodation. 

We  therefore  treat,  in  three  chapters,  of ; — 

I,  The  influence  of  the  nerves  upon  accommodation,  and  upon 
the  movements  of  the  iris. 

II,  Paralysis  and  debihty. 
Ill*  Spasm. 


CHAPTER  X. 

INFLUENCE  OF  THE  NERVES  UPON  ACCOMMODATION  AKD 
UPON  THE  MOVEMENTS  OF  THE  IRIS. 

§  43.  The  Movements  of  the  Iris. 

The  mechanism  of  accommodation  has  already  come  under  onr 
consideration  (§  4).  Here  we  may  therefore  confine  ourselves  to 
the  movements  of  the  iris. 

The  movements  of  the  iris  are  of  two  kinds  :  reflex  and  volmitaiy. 
Reflex  action  is  exhibited  as  constriction  of  the  pupil^  in  conse- 
quence of  the  stimulus  of  incident  light  upon  the  retina,  Fontana^ 
has  shown  that  the  light  falling  upon  the  iris  produces  no  rematk- 
able  contraction.  We  have  confirmed  this  result  by  causing  the 
image  of  a  small  distant  light  to  fall^  by  means  of  a  convex  lens, 
upon  the  iris,  whereby  during  slight  perception  of  light,  a  doubtful 
contraction  occurred,  which  gave  way  to  a  strong  contraction  so  soon 
as  the  light,  entering  through  the  pupil,  excited  a  vivid  perception.! 
That  this  contraction  takes  place  by  reflex  action  of  the  optic  nenre 
upon  the  oculo-motor  nerve  in  the  brain  was  proved  by  Mayo,J  bj 
striking  experiments  upon  pigeons.  Nevertheless,  the  experiments 
of  Harless§  and  of  Budge  ||  have  shown,  that  even  after  death,  so 
long  as  irritability  remains,  the  pupil  still  contracts  upon  the  con- 
tinued action  of  light.  Of  the  correctness  of  this  observation  we 
have  satisfied  ourselves.  In  a  dog,  killed  by  loss  of  blood,  the  one 
eye  was  closed,  the  other  was  opened  and  turned  to  the  light :  after 
the  lapse  of  an  hour  the  pupil  of  the  opened  eye  was  perceptibly 
smaller  than  that  of  the  closed  eye.  The  latter  now  remained  ako 
exposed  to  the  light,  and  on  the  following  day  the  diameter  of  both 

•  Dei  Moti  delVIride.  Lucca,  1 765.  Compare  also  Prograinma,  etc.,  cui 
inest  Diss.  E.  H.  Weberi,  Snmmam  doctrtna  de  motu  iridis  continens,  1821. 

t  Compare  de  Ruiter,  De  aciione  Atrop<B  BcUadonntB  in  iridem,  Trajecti 
ad  Rhenum,  1853,  and  in  Ncd^rL  Lanccty  III.  p.  433.  From  these  investiga- 
tions, made  under  my  direction  and  with  my  assistance,  upon  the  iris  and 
belladonna,  I  have  borrowed,  when  1  use  the  plural  "  we,"  and  quote  the 
dissertation. 

X  Mayo,  Anatomical  and  Physiological  Commentaries y  No.  II.  4  to.  London, 
1823.  §  Die  Muskelirritahilitdt,  Miinchen,  1850. 

II   Comptes  rendtM,  T.  xxxv.  p.  561. 
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»yes  was  equiil.  The  upper  jaw^  alone  with  the.  eyes,  was  taken  out 
of  some  fro^^s^  oue  eye  was  exposed  to  the  liglitj  while  the  other  was 
Covered  with  a  eloselj-folded  piece  of  black  paper  :  after  the  lapse 
of  half-an-hour^  llie  pupil  turned  to  the  light  was  narrow,  the  other 
'Was  wide.  But  the  latter  also  cuutructed  almost  immediately  after 
the  removal  of  the  paper.* 

Wlien  light  falls  upon  one  side,  the  pupil  contractsi  on  both  sides  : 
the  contraction  on  the  same  side  we  call  direct^  that  on  the  opposite 
eide,  we  call  consensuaLt  We  may  accurately  study  these  two, 
as  Weil  as  the  accommodative  (Listing)^  hy  ourselves,  after  the 
entoptic  method  (compare  p*  197).  A  small  opeoitig  in  an  opaque 
plate,  held  at  ahout  6*'  from  the  eye,  and  turned  towards  the  light, 
gives,  in  the  vitreous  humour  a  bundle  of  nearly  parallel  rays,  of  the 
size  of  the  pupil,  and  i^i  therefore  seen  as  a  round,  illuminated  disc, 
vhose  diameter  increases  and  diminishes  with  that  of  the  pupil.  If 
both  eyes  bad  been  closed,  and  if  one  be  now  opened,  the  pupil  is 
seen  almost  immediately  to  contract,  and  then  slowly  and  vibratiugly 
to  dilate  again  :  the  little  light  entering  the  eye  through  the  opening 
is  sufficient  to  excite  strong  contraction.  The  consensual  contraction, 
on  the  contrary,  according  to  Listing,|  does  not  begin  until  J  second 
after  the  opening  of  the  other  eye,  lasts  about  ^  second,  after  which 
the  pupil  again  dilates  slowly  and  vibratingly  for  some  seconds.  Tlie 
consensual  ihlatation,  he  observed  to  commence  ahout  J  second  after 
the  closing  of  the  other  eye,  and  with  diminishing  rapidity  to  con- 
tinue for  one  or  two  seconds.  This  last  continues  in  my  eyes  con- 
siderably longer*  §  The  whole  course  of  consensual  contraction  and 
dilatation  {opening  of  the  left  eye,  contraction  of  the  right,  closing 
of  the  left,  dilatation  of  the  right),  which,  with  Listing,  lasts 
f  +  j  +  I  +  l  to  2  =  %^1  to  3*1  seconds,  with  me  occurs  ten 
times  in  the  minute,  and   therefore  lasts  six   seconds.     TTie  dif- 

•  Further  inveati^atioDa  oo  this  aulgect  have  been  infltituted  by  Kuyper 
(I  c.)t  H,  Muller  (  Tl'utzb.  Ahhnndlungen^  x.  p.  L.),  and  especially  by  Brown- 
J^equard  [Journal  de  pkyswl^y^te  de  fhomme  ei  des  animaujCf  1859^  T.  ii* 
pp.  281  et451). 

t  When,  in  the  absence  of  tbe  direct,  consensual  contraction  is  present  in 
one  ey©|  we  are  justitied  in  inferring  the  exiBteace  of  blindness  in  that  eye. 
If  both  are  present,  or  both  are  wantin§^,  no  certain  conolusion  m  to  be 
drawn  as  to  the  power  of  vision.  Compare,  with  respect  to  this  last,  Mac* 
kenzie,  The  Physioli^y  of  Vmoth  Ijondon*  1841,  p*  IDS. 

I  Beitratj  zur  physioUMfinchen  0^//i'A%  Oottingeiii  184 5. 

%  Conf,  Nederlandsch  Lancet,  2*  Serie,  IS46,  D.  ii.  p*  442. 
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ference  has  leferenoe  especially  to  the  dantion  of  dw 
■oal  dilatation^  whose  marimnm  it  is  difficult  eacacdy  to 
— In  these  experiments  the  dosing  mnsl^  for  moie  than  one  rmi^ 
be  effected  only  by  holding  a  screen  befoie  the  eye. 
The  aoconunodatiTe  movement  is,  as  wdl  as  the 
itself,  to  be  considered  volantary.  It  is  true;,  we  oontiact  oar  iq( 
without  being  consdons  of  the  contraction  of  muacukr  fOmi^y 
this  holds  good  fixr  every  vduntaiy  movement.  When  a  poM 
raises  the  tone  of  his  voices  he  is  not  conscjons  that  by  moBok 
contraction  he  makes  his  chordn  vooales  more  tense;  he  attaiiila 
object  without  being  aware  of  the  means  by  which  he  does  sa  Ik 
same  is  applicable  to  accommodation  for  near  objects^  andtoAi 
contraction  of  the  pupil  accompanying  it  The  fiict  that  thb  id  k 
only  an  associated  movement,  does  not  deprive  it  of  its  vdaflbq 
character,  for  there  is  perhaps  no  single  mosde  which  can  fflirfir* 
entirely  by  itself. 

E.  H.  Weber*  has  discussed  the  question,  whether  theconbattia 
of  the  pupil  is  associated  with  tiie  convergence  of  the  visual  Gbb^c 
with  the  accommodation.    From  his  ezpmments  of  sedng  aeilB^ 
the  same  object,  altematdy  through  concave  and  thiott|^  eoam 
glasses,  he  came  to  the  conclusion  that  the  pnpfl  neither  ouuiiidi 
nor  dilates  without  change  of  convergence.    Cramerf  repeated  te 
experiments,  but  without  taking  sufficient  care  that  vision  took  place 
through  the  axes  of  the  glasses,  so  that,  on  removing  the  latter,  sqm 
change  of  convergence  was  readily  produced.     Nevertheless,  in  iBj 
experiments  with  Dr.   de  Suiter,    I   came    to    the  same  conds- 
sion   as  Cramer,  namely,  that   tension   of   accommodation,  eves 
without  increase  of  convergence,  is  attended  with  contraction  of  tk 
pupil.     Now,  on  repeating  the  experiments,  also  without  the  use  of 
glasses,  and  being  able,  the  fixation  of  the  same  poiut  remaining 
unchanged,  to   put  my  accommodation  alternately  more  and  les 
upon  the  stretch,  I  find  that,  especially  in  looking  at  a  lemote 
object,  each  stronger  tension  is  combined  with  contraction  of  tk 
pupil.    These  experiments,  in  which  the  contraction  of  the  pnpi 
presents  so  completely  the  voluntary  character,  are  still  more  ib* 
assailable  than  those   with  glasses,  in   which  the  change  of  ik 
intensity  of  light  is  not  altogether  avoidable. — ^That  increased  con- 
vergence of  the  visual  lines  without  change  of  accommodation  ak) 
makes  the  pupil  to  contract,  is  easily  proved  by  simple 
with  prismatic  glasses. 

•  /.  c.  p.  12. 
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Listing  observed  tliat  the  accommodatiye  contraction  of  the  pupil 
takes  place  almost  contemporaneously  with  the  will^  just  as  is  the 
case  in  movements  of  ordinary  muscles.  It  is^  however,  easy  to  show 
that,  even  if  contraction  and  extension  commence  almost  simultane- 
ously with  the  will,  they  by  no  means  take  place  with  the  rapidity 
which  is  peculiar  to  voluntary  muscles.  By  alternating  the  accommo- 
dation for  a  remote  and  a  near  object,  I  cannot  voluntarily  strongly 
contract  and  dilate  the  pupil  more  than  thirty  times  in  the  minute. 

§44j.  The  Ciuart  System  and  its  Function. 

We  have  already  shown  that  accommodation  is  dependent  on 
muscular  action  in  the  eye.  In  this  organ  there  are  no  other 
muscles  than  those  of  the  iris  and  the  ciliary  muscle,  which  have 
been  described  at  p.  23.  Now,  accommodation  is  produced  by  the 
ciliary  muscle,  probably  even  exclusively  by  this  muscle  (compare  p. 
26).  But  the  movements  of  the  iris  are  associated  i^ith  the  accom- 
modation; they  are  governed  by  the  same  nerves  as  the  latter; 
even  a  direct  relation  cannot  be  considered  impossible,  so  long  as  the 
mechanism  of  accommodation  has  not  been  clearly  elucidated ;  if  we 
add  that  the  disturbances  of  accommodation  are  most  distinctly 
revealed  in  deviation  of  the  movements  of  the  iris,  it  will  certainly  be 
allowable  to  treat  in  common  of  the  nerves  of  the  iris  and  of  the 
ciliary  muscle. 

The  parts  enumerated  derive  their  nerves  from  the  ciliary,  also 
called  the  ophthalmic,  ganglion.  This  ganglion  gives  off  from  10  to  16 
minute  branches,  the  ciliary  nerves,  which  perforate  the  sclerotic,  not 
far  from  the  optic  nerve,  and  proceeding  straight  forwards  between 
the  sclerotic  and  the  chorioidea,  reach  the  ciliary  muscle  and  the 
iris,  and  give  some  filaments  to  the  cornea.  One  or  two  ciliary 
branches  come  directly  from  the  naso-ciliary  nerve,  perforate,  as  well 
fts  the  others,  the  sclerotic,  and,  according  to  Bernard's  statement,* 
finally  pass  into  the  conjunctiva  and  the  iris,  but  not  into  the  cornea : 
their  origin  indicates  that  they  act  chiefly  as  nerves  of  sensation. — Into 
the  ciliary  gangUon  three  so-called  roots  enter:  the  short  root  from  the 
oculo-motor  nerve,  the  long  root  (often  existing  doublet)  from  the  naso- 
ciliary nerve;  and,  lastly,  a  branch,  derived  from  the  sympathetic  nerve 

*  Bernard,  Lemons  $ur  la  phytiologie  et  la  palMologie  du  gysthne  nerveux, 
Paris,  1858,  T.  ii.  p.  86. 

t  Conf.  HyrtL  Beriehtigungen  uber  das  diiarsytiem  des  meMchUchen 
Auges,  in  Med,  Jahrb.  Oesterr.  B.  xxviii.  8.  1. 
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in  the  neck.  In  the  ciliary  ganglion  numerous  ganglionic  oelU  its 
met  with.  What  the  connexion  is  between  the  three  kinds  of  iKcrrt.  1 
fibres  enumerated  and  these  ganglionic  cells,  has  not  been  asccrtaiacd  \ 
nor  whether  fresh  nerve-tibres  here  have  their  origin,  joining  th-  I 
ciliary  nerves.  All  the  cih'ary  nerves,  the  commencement  ^J.  j 
whose  course  we  have  already  described,  divide  in  the  first  m 
stance  near  at  hand  and  farther  wp  the  outer  surface  of  the  ciUar 
muscle  into  two,  and  afterwards  into  more  numerous  branches,  which 
form  a  rich  plexus  {ordU^uim  cillnrU  of  W,  Krause),  whence  manj 
little  fasciculi  penetrate  into  the  cihary  muscle.  I  exaznined  them 
in  1853,  with  Dr.  de  Ruiter,  in  white  rabbits,  and  as  the  resuh  of 
that  investigation,  the  following  was  noted  :*  '*  Many  branches  pro- 
ceed, after  having  formed  a  plexus  on  the  ciUary  muscle,  to  the  peri* 
phery  of  the  iris,  and  there  again  form,  near  the  margin  of  the  latter, 
a  plexus  of  tolerably  large  branches,  whence  smaller  branches  talc 
their  origin  and  establish  a  third  plexus  of  the  iris,  in  that  part 
where  the  muscular  fibres  are  observed  to  run  a  circolar  course- 
The  nerve-tube:s  belong  for  the  most  part  to  the  slighter  kind,  be- 
come by  ramification  still  slighter,  have  a  very  long  isolated  conise 
Ihiough  the  iris,  wliich  is  particular! v  tree  of  the  thicker  nerve-tubei, 
tfad  in  their  progress  form  many  loops,  from  whose  extremities  new 
fibres  again  arise  by  division,  wliicli  again  form  loojjs,  not,  however, 
to  be  considered  as  terminal  loops,  as  we  can  often  observe  further 
ramifications  of  the  tubes,  which,  after  having  lost  the  medullaiy 
sheatlis,  in  many  places  terminate  in  an  invisible  manner/'  This  re- 
sult has  been  conlirraed  by  subsequent  inve^tigalors.  I  have  now,  m 
reference  to  the  nerve-fibres,  nothing  essential  to  add*  In  the  mean* 
time,  in  the  peripheral  distribution  of  different  iterves,  especiaUj  in 
those  of  the  involuntary  muscles,  ganglionic  cells  are  found,  and  thia 
is  true  also  of  the  ciliary  nerves.  Not  only  have  they  been  demon- 
strated by  H.  Miiller  and  Schweigger  (compare  p.  381),  and  recently 
also  by  Saemisch,t  in  the  chorioidea,  where,  too,  the  muscular  fibrei 
are  not  wholly  wanting,  but  also  particularly  by  H.  Miiller, J  in  tie 
orbicuhis  ciliaris,  where  C.  Krause  §  already  mentions  them.  Miiller 
saw,  in  the  rajniticiitiuns  of  the  first  and  second  order  of  the  ciliary 
nerves  in  the  ciliary  muscle,  some  beautiful  and  distiuct  cells^  some- 

•  NederUxndMch  Lancet^  D.  iii,  p,  -ISe. 

t  Beitriifje  zur  normahn  und  patholoytwhen  Anaiomie  dfti  Aufjrs,  I^ipdf, 
1S62.     PL  II.  Fitrs,  2  and  3.  %    Wurih,  AhhandL  x.  p.  IC 

f  C.  KrauBe,  Handbttch  der  Anatomief  2*  Anil  B,  i.  p.  626. 
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times  with  two  or  tliree  efferent  brauches,  whose  transition  into 
nerve-fibres  with  medullary  sheaths  waa  not,  however,  with  certainty  re- 
cogniseiL  lie  thioks,  nevertheles.^^  tliat  they  may  be  regarded  as  gang- 
lionic cells.  This  discovery  was  confirmed  by  W,  Kranse*  in  all  its 
parts.  Moreover,  Miillcr  (/.  c)  found  even  in  the  finest  nerve-bundles 
of  the  cihary  muscle,  where  the  primitive  fibres  also  ramify,  httlc  thick- 
enings of  the  fibres,  in  which  a  small  round  or  oval  body  was  to  be 
seen,  presenting  the  appearance  of  a  bipolar  ganglionic  celL  While 
Muller  remains  in  doubt  as  to  the  nature  of  these  corpuscles,  W* 
Kjause  {/.  c),  who  found  them  constantly  present  in  twelve  subjects, 
thinks  they  must  be  regarded  as  genuine  ganglionic  cells,  although 
lie  agrees  that  they  are  not  connected  with  the  axes  of  the  fibres. 
It  is  not  improbable  that,  in  connexion  with  the  ciliary  nerves,  still 
more  of  the^e  groups  of  ganglionic  cells  will  be  found  in  the  eye. 

After  this  brief  anatomical  exposition,  we  may  now  proceed  to  the 
consideration  of  the  function  of  the  ciliary  system.  Except  the 
above-mentioned  one  or  two  ciliary  uenes  of  separate  origin,  all  the 
branches  destined  for  the  iris  and  for  the  ciliary  muscle  proceed  from 
the  ciliary  ganglion.  In  this  ganglion  consequently  the  function  is 
comprised.  The  question  is  therefore,  properly,  what  influence  each 
of  the  three  nerves  exercises  on  the  ganglion,  and  what  conditions  of 
the  internal  muscles  of  the  eye  correspond  to  the  conditions  of  the 
ganglion.  On  this  subject,  however,  nothing  can  with  certainty  be 
said,  and  we  can  at  present  investigate  only  the  influence  of  the  roots 
of  the  ganglion,  as  this  manifests  itself  indirectly  upon  the  muscles. 

T/te  actwn  of  the  ijculo-mnior  nerve  upon  the  sphincter  of  the  pupil 
is  established  beyond  doubt.  Not  only  is  the  jiupil  dilated  and 
immovable  in  paralysis  of  this  nerve,  but  on  irritating  the  nerve  in 
the  base  of  the  brain  in  animals,  we  see  it  strongly  contract.  If 
Volkmann  and  E.  Weber  had,  in  opposition  to  previous  investigations, 
seen  dilatation  produced  by  irritation,  Budget  showed  that  this  was 
to  be  ascribed  to  simultaneous  irritation  of  the  sympathetic;  branch 
running  in  the  neighbourhood,  and  retaining  its  irritability  longer,  and 
Nuhn,J  who  in  a  decapitated  criminal  had  likewise  seen  dilatation^ 
recognised,  after  experiments  on  different  animals,  the  same  source  of 
error  as  Budge  had  indicated.  In  the  beheaded  man  also,  contraction 

♦  Anatomische  Unlerstmhunffcn,  Hannover,  1861^  p.  91. 
t  Archivf,  pht/noi.  Heilkundt\  1R53,  B.  xi.  p.  780. 
I  ZeiUchriftf*  rationelie  Medicin,  N.  F.  1853,  B.  iii. 
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of  the  pwpil  on  irritiition  of  the  nerve  in  question  wng  subsequeiitlj 
seen.*  Most  decisive^  however,  are  the  cases  of  completxi  pan- 
lysis,  because  they  show  that  this  nerve  is  the  conditioo  sifte  qud  $im, 
both  for  reflex  aiid  accommodative  movement  of  the  pupil,  and  for  the 
accorTnnodatian  itself:  no  trace  thereof  remaius,  when  its  paralysis  is 
coQipletc.  If  other  nerves  also  have  influence  upon  the  sphincter  of 
the  pupil  and  the  ciliary  muscle,  they  have  it  only  by  the  iuterveotiau  I 
of  the  oculo-motor  nerve.  Nor  are  the^e  positive  facts  shaken  by  tlw  ' 
negative  results  of  the  investigations  of  Bernard^t  who  saw  no  changt 
take  place  in  the  diameter  of  the  pupil,  either  upon  dividing  the  octtlo* 
motor  nerve,  or  u]>on  irritating  its  peripheral  portion,  in  rabbits. — 
No  other  disturbances  than  those  above-mentioned  take  place  on  ini- 
tating  the  oculo-motor  nerve.  The  only  fact  which  exhibits  the  in- 
flucuce  of  the  iotervening  ganglion,  \s  the  comparative  slowness  of 
the  contraction  of  the  pupil. — Whether  the  oculo-motor  nenre 
sends  also  some  sensory  filaments  to  the  iuternal  eye,  cannot  be 
ascertained, 

T/id  in/hence  of  tkr.  ^^mpathetic  nerve  if  pan  the  pupil  ^ns  discovered 
even  before  173^7,  by  Petit: J  after  dividing  the  nervns  vagus  he 
found  the  pupil  smaller.  That  Petit  had  correctly  ascribed  this  ph^ 
nomenon  to  (he  division  of  the  sympathetic  nerve,  w^hich,  in  mauv 
animals,  is  in  the  neck  uuited  with  the  nervus  vagus,  wras  prov^ 
by  Du]my,§  wlio  observed  the  same  phenomenon  aft«r  extirpation 
of  the  first  gangliun.  The  accEraey  of  the  fact  was  still  further  de- 
monstrated by  the  careful  experiments  of  llei(l.||  Budge  and  Waller^ 
have  the  merit  of  having  shown,  that  the  filaments  of  the  sympathetic 
nerve  acting  on  the  |mpd  arise  from  the  spinal  cord,  and  pass  into 
the  anterior  roots  of  the  two  inferior  cervical,  and  the  six  superior 
dorsal,  nerves.  In  frogs  and  rabbits  the  contraction  consequent  on 
division  of  the  nerve  is  slight  (and  in  tlie  last  it  is  certainly  not  greater 

•  By  Budg:e  and  Waller  (Archwf.  physiul  Heilk.  B.  xi.  p.  775),  and  b| 
Buvai^  liuchart  and  Petit  {Gazette  medicaU  de  Paris,  1852,  p.  457), 

t  Le^m  6ur  h  pht/shthf/ie  et  la  patholof/ie  du  sy$time  ikrveu^,  Fsrit,  | 
1858,  t.  ii.  pp.  207  and  209.  i 

X  M^moire  dans  leqiiel  il  eat  demontre,  que  les  nerfs  ioteroostaux  four- 
DiBseiit  ties  ramt^aux  qui  ae  portent  des  e&prita  daas  lea  yeux,  in  Ilistmre  de 
PAcadhnif  rmjnk  des  science^^  Airnee  1727* 

§  Junrmil  dc  ttMecine,  de  chirurffie,  etc,  1816^  T.  xjlxvIj.  p.  340. 

SI  Edinburifh  Medical  and  Sufffical  Journal,  Aug-iiat,  1839 ;  and  Ph^ 
htjiaal  and  Patholtx^ical  Meaearches,  Edinburgh,  1841,  p,  291. 

Ti  ComjU^m  rt'tiduSf  185:i,  tomea  xxxiv.,  Jtixv,,  iu  different  [daooe. 
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when  the  first  ganglion  also  is  extirpated),  in  dogs  it  is  very  consider- 
able; but  tlie  (lilatatiori  on  irritation  of  the  sympathetic  nerve  of  the 
neck^  which^  though  it  does  not  directly  follow^  rapidly  attains  its 
maximtun^  is  still  tlie  most  striking  phenoo^enon.^ — The  difference  of 
the  two  pupils  after  division  of  the  nerve  is  greatest  while  the  eyes 
are  exposed  only  to  faint  light :  where  there  is  a  strong  action  of  the 
sphincter  musckj  the  resistance  even  of  the  undiminished  action  of 
the  radiating  fibres,  at  least  in  rabbits,  is  almost  annihilated.  The 
difference  iu  magnitude  is,  however,  permanent ;  at  least  we  have 
seen  it  continue  in  dogs  and  rabbits  longer  than  six  months ;  Budge 
has  observed  it  even  for  a  year. — Budge  and  Waller  showed^  that 
after  division  of  the  Jiervus  vagus  and  of  the  sympathetic  in  the 
neck,  in  coiinexion  with  the  thfference  in  origin,  of  the  former  the 
inferior  ])art,  of  the  latter  tin*  superior,  pass  into  degeneration  (fatty 
metamorphosis).  We  have  confirmed  this  in  many  cases,  but  in  the 
first  ganghon  itself,  and  in  the  efferent  fasciculi,  whose  number  seems 
far  to  exceed  thai  of  the  afferent,  no  change  was  met  with.  Irritation 
of  the  ganghon  then  also  still  provinces  dilatation  of  the  pupil  after  the 
lapse  of  n)any  weeks.  If  the  first  ganglion  itself  is  extirpated,  the 
efferent  bundles  too  pass  into  a  state  of  degeneration,  but  then  also 
tlie  ciliary  nerves  continne  unchanged  even  into  the  iris,  where  we  ex- 
amined them  many  weeks  after  extirpation  of  the  ganglioni  which  is 
most  j>rohably  due  to  tlie  infinence  of  the  ciliary  ganglion.  Thus, 
too,  it  is  inteUigible,  tliat  the  extirpation  of  the  first  ganglion  is  not 
followed  by  more  contraction,  than  the  division  of  the  nerve  below 
the  ganglion. 

The  foregoing  shows  that  the  action  of  the  sympathetic  root  con- 
sists in  a  persistent  exaltation  of  the  tone  of  the  radiating  fibres* 
Thus  the  dilatator  pnpillae  is  witli  constant  force  the  antagonist  of  the 
sphincter  nuiscle.  The  action  of  the  sphinctrr  changes,  as  we  have 
seen,  both  with  the  incidence  of  ligfit  and  with  accommodation ;  but 
if  the  sphincter  is  paralysed,  the  pupil  is  immovable.  Meanwhile  we 
may  assume  that,  jxi^t  as  for  the  vaso-raotor  nerves,  the  tonic  aetion 
in  the  dilatator  muscle  may,  under  certain  still  unknown  circum- 
stances (irritation  of  the  fifth  pair?)  somewhat  fidl  and  rise. — It  has, 
indeed,  hypotlietically  been  assumed  that  the  sympathetic  nerve 
acts  also  upon  the  accommodation.  Though  it  might  apj>ear  some- 
what rash  absolutely  to  deny  an  inUuence,  for  which  the  analog}*  of 
the  iris  may  be  appealed  to,  yet  we  find  that  it  is  supported  by 
no  fact  whatever.     We  are  acquainted  with  no  muscle  capable  of 
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acting  antagonistically  to  the  ciliary  mtiscle ;  Bcrr  have  wc  anr  rrawi 
to  admit  the  existence  of  aciive  accoinmodation  for  distance  (com* 
pare  p,  20).  On  tJie  other  handj  the  action  of  the  ^vinpathdir 
branch  on  the  tone  of  the  blood-vessels  is  full?  established.  Ii  b 
known  that  division  of  the  sympathetic  nerve  in  the  neck  is  followed 
by  considerable  dilatation  of  the  vessels  of  the  head,  roost  distin< 
observable  in  the  ears  of  rabbits^  while  irritation  of  that  nerve 
attended  with  contraction  of  the  same  vessels  (Bernard).  With  Dt 
van  dpT  Beke  Callenfels,*  I  showed  that  the  vessels  of  the  pia  mat 
are  govenied  by  the  same  nerve ;  and  1  subscqaently  satisfied  rays 
with  Dr.  Kuyper^t  that  the  vessels  of  the  iris  also  contract  on  ii 
tion  of  the  sympathetic  nerve,  even  when  they  are  distended  under  the 
intluence  of  the  instillation  of  digitaline  or  in  consequence  of  discharge 
of  the  aqueous  humour,  or,  as  I  recently  found  in  conjunction  with  Mr. 
llarner,  when  after  the  action  of  the  Calabar  bean,  the  same  irrii 
tion  scarcely  makes  the  pupil  dilate.  This  last  confirms  my  opinio 
that  this  contraction  of  the  vessels  cannot  be  the  mechanical 
result  of  dilatation  of  the  pupil,  hut  that  it  occurs  independenl 
Formerly,  indeed,  I  was  inclined  to  attribute  the  dilatation  of 
puj>il  attendant  on  irritation  of  the  sympathetic  nerve  to  the 
traction  of  the  vessels,  as  I  supposed  that  the  diminution  of  bl 
in  the  iris  would  at  the  same  time  lessen  the  contraction  of 
sphincter  muscle.  The  phenomenon  is,  however,  equally  evid 
when  the  circulation  of  the  blood  has  already  ceased,  and  the  dili 
tion  is  moreover,  too  considerable,  to  be  explained  by  the  contra< 
of  the  vessels.  We  must,  therefore,  take  refuge  in  contraction 
the  radiating  fibres  of  the  iris,  which,  as  they  are  in  some  ai 
highly  developed,  can  with  certainty  be  demonstrated. 

The  infuethce  of  tkt  nervm  iri^eminm  upon  the  iris  and  upon  tbe 
accommodation  is  still  doubtful.  By  exclusion  we  may  assume  that 
this  nerve  gives  sensation  to  the  iris ;  for  neitiier  the  oculo-motor 
nor  the  sympathetic  ]>ossesses  sensitive  filaments  by  which  the 
sensibility  of  the  iris  might  be  explained.  Moreover,  sensatii 
ceases  when  the  nervus  trigeminus  is  divided.  The  difficulty  lies 
the  detenni nation  of  the  influence  of  the  ncrvus  trigeminus  upon  the 
motion  of  the  iris.  It  has  been  found  experimentally  that  irritation 
of  the  itmik  of  the  fifth  pair,  as  well  as  of  its  ophthalmic  division 

•  Nedfirlandtch  Lancet^  1855,  D.  iv.  p*  689. 

t   Ondersxtekingeti  ort^r  de  kumtmatige  rerwpding  van  den  oagappel^ 
nftug.  1859, 
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(the  nervus  ophthalmicQs  WiUisii)  causes  the  pupil  to  coDtract, 
Now  we  are  acquainted  ^vith  no  other  contractions  of  the  pupil 
than  those  produced  by  the  reflex  action  of  lights  and  by  accoiumo- 
datioii,  and  these  both  wholly  disappear  on  paralysis  of  tlie  oculo- 
motor nerve.  The  existence  of  a  direct  influence  of  the  fifth  pair  upon 
the  i?pliincter  of  the  pupil  (through  motor-hlainents)  is  therefore 
improbable.  We  are  consequently  led  to  assume  that  stiinidation  of 
the  ner\  us  trigeminus  acts,  both  iu  its  trunk  and  in  its  branchesj  upon 
the  ciliary  ^nglion^  so  as  there  either  to  increase  the  action  of  the 
fibres  of  the  ocnlo-motor,  or  to  diminish  that  of  the  sympathetic  Derve* 
Tlie  influence  still  takes  place,  if  the  sympathetic  and  oculo-motor 
nerves  have  previously  been  divided.  This  is,  however,  by  no  means 
strange,  since  the  ciliary  ganglion  and  the  internal  nervous  system  of 
the  eye  continue  permanently  normal  after  the  sections  alluded  to, 
as  is  proved,  with  respeot  to  the  latter,  by  the  unaltered  action  of 
atropia  and  of  the  Calabar  bean  dropped  into  the  eye. 

The  mechanism,  whereby  the  nervus  trigeminus  acts  upon  the 
cihary  ganglion  is,  however,  rather  obscure.  Since  this  influence, 
as  we  have  seen,  continues  after  division  of  the  oculo-motor  and 
sympatlietic  nerves,  it  must  be  capable  of  taking  place  without 
reflexion  in  the  central  organs.  Indeed,  we  can,  from  the  fact  that 
on  stiaiulation  of  a  nerve  the  change  of  the  electrical  condition  is 
continued  in  buth  directiotis,  very  well  comprehend  the  direct  influence 
of  a  stimulus,  without  assuming  in  the  nervus  trigeminus  the  existence 
of  fibres,  whose  ordinary  function  should  be  centrifugal  conduction 
towards  the  ciliary  ganglion.  But  if  such  exist  (iu  the  nervus 
lachrymalis  centrifugally  conducting  fibres  are  undoubtedly  present), 
the  contraction  of  the  pupil  which  occurs  in  an  irritated  state  of  the 
peripheral  sensitive  filaments  of  the  eye,  might  be  explained  by  reflex 
action,  upon  those  centrifugully  conducting  fibres,  in  the  Gasserian 
ganglion.  At  any  rate,  in  an  irritated  coudition  of  the  cornea,  to 
which  the  ciMavy  nerves  are  distributed,  reflex  action  even  in  the 
cihary  gangHon  may  be  assumed  from  analogy,  as,  with  reference 
to  the  secretion  of  saliva,  reflex  action  through  the  submaxillary 
ganglion  has  been  demonstrated  by  Bernard. 

The  pnacipal  experiments  on  wkich  the  above  view  of  the  action  of  the 
nervufl  trigeminus  upon  the  iris  is  based,  are  the  following : — 

a*  Aftor  division  of  the  n.  trigeminus  at  the  base  of  the  skull,  the  pupil 
contract*  iu  rabbita  (in  dogs  ?) ;  bat  thii*  contraction  ofttia  does  not  occur 
before  the  lapse  of  some  minuter,  and  in  a  few  dayB  or  hours  for  the  most 
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{Mit  disappears  again  (Longet,  Badge).    The  same  is  tme  of  £pegs  (Bodge): 
also  on  division  of  the  half  of  the  medulla  oblongata  (Joh.  Mueller). 

6.  On  merely  compressing  the  nerras  ophthalmieua  Williaii,  Bodge  aid 
Waller  observed  contraction  of  the  pnpil.  Bernard  observed  the  same  iflir 
division  of  this  nerve.  The  mobility  of  the  pupil  on  the  incidence  of  li^ 
is  not  impaired  in  this  experiment,  and  if  no  inflammation  of  the  eve  eft- 
sues,  the  diameters  of  the  two  pupils  are  soon  again  nearly  eqnaL 

c.  If  the  oculo-motor  nerve  be  previously  divided  (Budge),  or  torn  oot 
(Bernard),  contraction  of  the  pupil  nevertheless  ensues,  on  division  of  the  i. 
trigeminus. 

d.  Bernard  </.  «.  T.  II.  p.  90)  tore  the  oculo-motor  nerve  at  one  side, 
whereupon  the  pupil  became  dilated,  acquired,  however,  the  same  dilstttiM 
on  both  sides  upon  the  instillation  of  extract  of  belladonna,  and  subsequently, 
upon  dividing  the  n.  trigeminus  on  the  same  side  on  which  the  oculo-motor 
nerve  was  torn,  he  saw  the  pupil  contract 

e.  In  a  young  rabbit  he  divided  the  optic  nerve,  and  all  the  motor  ncrfei 
of  the  eye ;  even  then  stimulation  of  the  fifth  pair  produced  contraction  of 
the  pupiL 

/.  In  another  animal  the  first  ganglion  of  the  sympathetio  nerve  vu 
removed,  whereupon  the  pupil  became  small,  with  long  vertical  diameter; 
the  nervus  trigeminus  having  been  then  divided,  the  pupil  became  round, 
while  the  contraction  increased. 

in  all  that  I  had  seen  and  read  respecting  the  influence  of  division  of  tbe 
a.  trigeminus,  the  doubt  had  occurred  to  me,  whether  this  section  did  not 
act  upon  the  pupil  principally  in  consequence  of  the  filaments  of  the  sympa- 
thetic nerve  being  at  the  same  time  divided,  which  fiiaments,  according  to 
Budge,  reach  the  ciliary,  through  the  Oasserian  ganglion.  I  therefore  de- 
termined, in  concert  with  Dr.  P.  0.  Brondgeest,  my  assistant  in  the  physio- 
logical laboratory,  to  make  some  experiments  upon  the  subject.  In  rabbits 
the  sympathetic  nerve  was  exposed  on  one  side  of  the  neck,  and  was  very 
gently  stimulated  for  a  moment  (with  the  aid  of  the  galvanic  apparatus  of 
du  Bois-Reymond)  in  order  to  ascertain  that  the  exposed  nerve  acted  on 
the  pupil ;  thereupon  the  skin  was  again  closed  with  serresjines,  and  the 
trigeminus  was  divided  on  the  same  side,  in  the  manner  indicated  by  Ber- 
nard. If  anwsthesia  of  the  eye  was  obtained  without  further  general  dis- 
turbance, the  sympathetic  nerve  was,  after  a  shorter  or  longer  interval, 
again  stimulated,  in  order  to  see  whether  it  had  maintained  its  influence 
upon  the  pupil.  The  experiment  succeeded  in  eleven  rabbits.  The  following 
results  were  obtained,  upon  the  bearing  of  which  I  need  not  further  dwell. 

1®.  Division  either  of  the  Gasserian  ganglion,  or  of  the  n,  ophthalmicus 
Willisii  produces  constant  contraction  of  the  pupil,  with  longer  vertical  dia- 
meter. Even  with  imperfect  anaesthesia  of  the  surrounding  parts  of  the 
eye,  the  contraction  is  still  present,  provided  the  cornea  be  insensible. 

2°.  The  contraction  diminishes  witliin  a  few  hours,  but  does  not  disappear, 
if  irritation  of  the  eye  occurs,  and  if  the  blood-vessels  of  the  iris  are  highly 
distended.     The  pupil  then  sometimes  becomes  angular. 

3°.  The  contraction  gives  way  to  some  dilatation  when,  even  with  com- 
plete anesthesia,  the  eye  being  properly  protected,  the  state  of  irritation  is 
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absent.  Dr.  Snellen  (De  tnvloed  tier  zenuwen  op  d^  otttntekmfff  TTtreclit, 
1857)  showed  that  the  intlammation  which  is  known  to  occur  after  diviaioa 
of  the  nerFus  trigerainus  is  the  re&ult  of  exteniai  injuries,  which  are  not 
avoideil  owing  to  the  exiating  anuestheeia,  and  that  it  can  be  prevented  by 
syatematic  proteelion  from  all  external  injury, 

4**.  From  comparative  experimenta  on  both  sidea,  it  appeared  that  the 
contraction  ia  much  greater  on  diviaion  of  the  n.  trigeminus  than  on  that  of 
tb#  aympatiietio  nerve  in  the  neok»  or  on  extirpation  of  the  iirst  ganglion. 

6*»  The  tension  of  the  eytbtiU  remains  at  tirst  the  same^  somotimea  be- 
Oomeci  even  rather  greater,  while  the  pupil  is  very  narrow,  igid  the  iria  lies 
near  the  cornea.  The  tenaion,  however,  in  a  short  time,  regularly  dimi- 
niabes,  and  indeed  in  the  highest  degree,  when  the  eye  by  proper  protection 
remains  free  from  irritation.  This  diminished  tension  is  in  accordance  with 
my  theory  of  glaucoma,  as  being  originally  neurosis  of  the  nerve  a  of  secretion. 

6^.  After  division  and  acquired  anaesthesia,  stimuUtion  of  the  sympathetic 
nerve  produced,  in  seven  out  of  eleven  cases^  dilatation  of  the  pupil,  though 
in  a  much  slighter  degree  thnn  wht;n  the  n.  trigemiiius  ia  not  divided.  In 
four  instances  the  dilatation  of  the  pupil  on  fitimulation  of  the  sympathetic 
nerve  was  entirely  absent.  In  all  these  eases  tbo  cornea  was  completely 
insensible.  In  three  of  the  aeven  cases,  in  which  dilatation  followed  stimu- 
lation of  the  sympathetic  nerve,  there  was  sensibility  of  the  lower,  and  in 
one  there  was,  in  addition,  sensibility  of  the  upper,  eyelid  j  in  the  three  other 
oases  there  was  no  sensibility. 

7**.  In  all  cases,  too,  where  the  pupil  continued  immovable,  the  vessels  of 
the  ear  contracted  on  stimulation  of  the  sym pathetic  nerve,  showing  that  the 
nerve  was  sensitive.  Before  the  division  of  the  trigeminus  it  was  seen,  that 
on  stimulation  simultaneous  dilatation  of  the  pupil  and  (K^ntractiun  of  the 
vessels  of  the  ear  occurred. 

8*^.  After  division  Calabar  produces  contraction,  atropia,  dilatation  of  the 
pupil, — the  latter  not  in  a  high  degree, 

9*,  Dissection  showed  that  in  general,  the  nervns  opbtbalmicua  Willisii 
}»ad  been  divided  in  front  of  the  ganglion ;  aometiraos  also  the  second,  and 
partly  the  third  branch.  In  other  cases  the  Gasserian  ganglion  itself  was 
louched.  It  did  not  account  satisfactorily  for  the  cases  in  which  little  or  no 
dilatation  of  the  pupil  occurred  on  stimulation  of  the  sympathetic  nerve. 
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*§  45,  Mydriatics  ash  thsib  Action. 

A   coMFAJiATivi  examinaliou  of   a  nuxDber  of  substances  and  i 
preparations  bas  shown,  that  the  most  usefij  mydriatics  are  to 
ttuud  among  the  Solunea*,  and  that  of  these  the  Atropa  Belbdonia  i 
for  viurious  teoaom,  to  be  preferred  to  all  others,  even  to  the  j 

Str.'urioniuin  and  the  Hyoscyamus  niger,*     Aliove  all^  where 
action  is  not  reqnired,  atropia  (sohible  in  450  parts  of  watcr)|: 
where  a  stronger  effect  is  indicated^  the  very   sohible  sulptsiie  i 
atropia,  which  were  first  introduced  into  practice  in  ^     '      ' 
tecommcnded.     For  the  fill!  effect^  a  drop  of  a  »u 
of  sulphate  of  atropia  in  120  parts  of  water  (we  express  this  stoig 
by  1:120),  is  quite   sufRcientt     The   inierual  exi  ' 

^cdy  also,  with  which  it  is  necessary  to  be  caution 
driasis. 

The  principal  phenomena  consequent  on  the  instil latiuii 
of  atropia^  are  :  1%  increasing  dilatation^  fallowed  by  iust  j 
the  pupil;  2^",  diminution,  and  soon  total  loss  of  accommodation. 

The  dilatation  of  the  pnpil,  considerable  in  man    (especially 
youth),  the  dog,  and  the  cat,  is  less  so  in  the  rabbit,  dight  in  binlis  i 
whom  it  was  formerly  overlooked,  very  perceptible  in  frogs,  and  i 
at  aU,  or  scarcely  so,  in  fishes-     After  the  instillation  of  1  ;  120 1 
dilatation  begins  in  man  within  fifteen  minutes,  and  in  the  coaraei 

*  Compare  Kuyper,  Ond^soekinffen  twer  4^  kumHmai£if€  ^erwydit^x 

den  oogappeh    Diss,  inatig.    Utrecht,  1819. 

t  If  the  instillation  is  followed  la  the  oourse  of  on  hour  and  a-half  ! 
p4iin  and  injection  of  the  veasels,  the  preparation  is  not  suitable,  and  thi 
thea  arises,  on  ita  repeated  employment^  a  peculiar  inilammatian,  describ 
by  me  as  atropinism.  Even  when  suitable,  it  produces  in  some  petw>8 
after  having  been  used  for  many  months,  a  8iniilai<  inflammation,  and 
must  then  he  altogether  laid  aside.  In  such  cases  ather  mydriatics  are  then 
seldom  borne.  Chemical  reagenta  were  not  decisive  in  diitinguiahiDg  \hit 
inapplicable  sulphate  of  atropia.     Compare  Kuyper,  /.  c. 
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Dm  twenty  to  twenty-five  ftiinutes  attains  its  maxiraumj,  with  ab- 

I  solute  immobility.     The  younger  the  individual^  and  the  thinner  the 

Iconiea  h,  the  more  rapidly  does  the  action  occur.     In  frogs  and  in 

I  hinh  the  dilatsition  disappears  within  one  or  two  hours,  and  gives  place 

to  a  briL'f  contraction.     The  course  of  the  dilatation  in  man,  afttT 

the  instillation  of  1 :  120,  is  represented  by  the  line  dd  of  Fig,  166, 

with  the  return  to  tlje  normal  cimmeter  iu  167.     On  the  absciss  a  a 

(Fig.  1(36)  the  minutes  are  indicated  after  the  instillation,  which 

Ft^.  1 06, 


^^^^^^^^^^^^^^^^^^m^^^^^^^^^^^m 


took  place  at  0,  the  lengths^  of  the  ordinates  downwards  peqiendicidai 
to  a  a*,  are  the  transverse  diameters  of  the  pn]jil,  to  he  read  olT  in 
mm.  before  the  line.  The  pupil  was  always  accurately  measured  at 
short  intervals,  with  the  ophtlmlmometer,  with  perfectly  equal  illu- 
mination  of  the  eye,  the  other  being  closed.  Fig,  167,  whose  absciss 
marks  iu  days  the  total  duration  of  the  change  of  the  pupil,  in  like 
manner  gives  the  diameters  in  the  curve  under  a  a.  The  dmitiutkm  of 
the  accominJxhUlou  commences  somewliat  later  than  the  dilatation  of 
the  pupil.  The  accommodation  gradually  returns  after  some  days, 
together  with  the  mobility  of  the  pupil.  Fig.  166  indicates  by  the 
curve/?/?,  the  course  of  the  absolute  nearest  [joitit ;  by  the  curve  r  r, 
that  of  the  farthest  point.  It  will  be  seen  that  the  latter  undergoes 
scarcely  any  change;  the  nearest  point,  on  the  contrary,  removes 
from  the  eye.     This  removal  coramericcs  in  from  twelve  to  eighteen 
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mintites  after  the  instillntion^  is  in  twenty-six  miirates,  when  tkd 
iation  is  already  nearly  complete,  still  little  remarkable ;  thai  i 


and  subsequently  slowly,  proceeds,  and  attains  its  maxjnmm  in  cm 
hundred  and  three  minutes  after  the  instillation,  when  p  and  r  cobd- 
I.  cide  and  the  accommodation  is  therefore  wholly  removed.  When, 
after  forty-two  hours,  the  pupil  is  somewhat  smaller,  a  slight  depn 
of  mobility  has  also  retunied,  and,  at  the  same  time,  some  accommo- 
dation is  to  be  observed,  which  now  nithcr  rafuilly  increases  until 
the  fourth  day,  hut  is  not  perfect  until  after  the  lapse  of  eleven  day*. 
The  observation  was  made  on  the  eye  of  my  assistant,  Mr.  H 
who  has  practised  himself  in  very  accurately  determining  his  ab^  ..i.. 
nearest  point  at  the  maximum  of  conver^^ence,  while  one  eye  is  closed 
(compare  p.  117). — Besides  the  results  to  be  deduced  from  the 
figures,  we  have  still  to  remark  : — 

1".  After  the  return  of  the  ijccommodation  with  the  third  soi 
following  days,  the  relative  range  of  accommodation  has  a  posHiou 
similar  to  what  it  occupies  in  myopes  :  with  moderate  conveigcnce, 
only  a  very  small  fraction  of  the  existing  accommodation  can  be  ob- 
tained. Thus,  Mr,  Hamer,  on  the  sixth  day  found,  tlmt,  while  with 
couvergencc  to  9"  of  his  eye  which  hatl  not  been  subjected  to  instil- 
lation, about  the  half  of  the  total  accommodation  came  into  play,  the 
eye  which  had  undergone  the  operation  attained  only  a  fifth  of  what 
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was  now  again  capable  of  at  the  maximum  of  convergence.  ^'. 
The  farthest  point  has  here,  with  a  shght  degree  of  M,  continued 
nearly  nnaltcred.  Usnally,  it  removes  somewhat  further  from  the 
CYC  If  there  exists  permanent  tension  of  accommoiktioii,  sueh  aa 
is  proper  to  H,  and  not  unfreqnently  occurs  in  some  amblyopes,  as- 
tigmatics  and  in  young  myopes,  tliis  gives  way  under  the  influeoce 
of  atropia,  and  r  tlien  removes  to  a  much  greater  extent.  3".  With 
leDsioii  of  accommodation  J  objects  appear  to  become  smaller  {micro- 
pia) :  in  this  case  we  imagine  the  object  nearer,  and  as  the  visual 
angle  has  not  become  greater,  we  suppose  tlie  object  to  be  smaller.* 

4^  To  the  eye  whicli  has  undergone  instillation,  objects  appear 
much  more  strongly  illuminated^  especially  when  both  eyes  are  at 
the  same  time  open,  under  which  circumstancesj  in  consequence  of 
consensual  reflexion,  the  pupil  of  the  eye  not  subjected  to  instillation 
18  TlATTOwer  than  usuaL  Tlie  comparison  is  effected  by  looking  at  a 
bright  object  upon  a  darker  ground,  a  prismatic  glass,  with  the 
angle  outwards,  being  brought  before  one  of  the  eyes. 

The  loss  of  accommodation,  after  the  action  of  atropia,  is  the 
more  troublesome,  because  the  pupil  is  so  extremely  wide,  which, 
even  in  slight  variation  of  accommodation,  produces  great  circles 
of  (HtTusion ;  therefore  for  each  distance  different  glasses  are  neces- 
sary for  acute  vision,  affording  scarcely  any  range.  The  disturbance, 
moreover,  differs  according  to  the  refraction  of  the  e^t.  Emme- 
tropes  see  well  at  a  distance^  but  can  distinguish  notliing  near  with- 
out convex  glasses.  Myopes  complain  less,  because,  although 
their  distant  vision  is  much  more  diffuse,  they  can  still  often  read, 
their  farthest  point  remaining  unaltered.  In  hypermetropes,  even  the 
slightest  action  of  the  mydriatic  produces  such  disturbance,  that 
without  convex  glasses  nothing  is  distinguished. — ^If  the  mydriatic 
have  been  dropped  into  only  one  eye,  the  disturbance  is  the  greater, 
because  the  detined  image  of  the  eye  not  o|>erated  on  is  so  feebly 
illuminated,  com]iared  with  the  diffuse  image  of  the  other:  the 
mydriatic  eye  is  then  by  preference  closed.  In  atropia-mydriasis  of 
both  eyes  there  is  no  difficulty  in  using  convex  glasses. 

With  respect  to  tlie  action  of  weaker  mlutions  of  sulphate  of 
atropia,  Dr.  Koyper  has  made  some  investigations.  His  researches 
have  yielded  the  foil  awing  results  r- — 

0.  The  solution  of  1 :  1800  produces  good  dilatation  within  30 

•  I  observed  this  phenomenon  tirst  in  myself,  and  gave  the  above  expla- 
nation of  it  in  Ned,  Lancet^  I85l|  D,  vi  p.  6U7. 
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miniites ;  this  attains  its  maximnm,  with  complete  immobilitj  otdi 
papfl,  and  generally  with  almost  total  annihilation  of  the  pova«( 
accommodation,  at  the  end  of  from  45  to  60  minutes.  So  eadjM 
on  the  follQwing  day,  some  mobility  has  retamed.  On  the  thM 
day,  no  inconvenient  disturbance  remains,  although  two,  three^v 
more  days  later,  a  difference  in  the  diameters  of  the  pupils  is  sdi 
perceptible. 

L  The  solution  of  1 :  2400  produces  dilatation  after  bom  2S 
to  33  minutes ;  this  attains  almost  the  maximum  (diameter  s  i\ 
mm.),  after  the  lapse  of  from  45  to  50  minutes,  without  coo- 
plete  loss  of  mobility  and  accommodation;  after  55  minuto, 
sometimes  no  mobiUty  is  perceptible :  after  70  minutes,  the  power  (rf 
accommodation  is  very  much  diminished,  but  by  no  means  remorei 
Even  in  a  few  hours  later,  the  dilatation  again  diminishes.  Hk 
following  day  it  is  still  distinctly  perceptible;  on  the  third  day  it  is 
slight;  it  is  not  until  the  fourth  day  tliat  it  has  wholly  disap- 
peared. 

e.  The  solution  of  1 :  9600  produces  dilatation  after  60  minutes, 
which  slowly  increases ;  after  the  lapse  of  00  minutes,  the  pupil  is 
perfectly  dilated,  but  is  not  immovable;  the  power  of  acconmiodation 
is  but  little  diminished.  The  following  day  the  pupil  is  very  movable, 
and  is  much  smaller.   On  the  third  day  there  is  no  trace  of  mydriasis. 

</.  The  solution  of  1  :  14,400  causes  commencing  dilatation,  after 
from  35  to  40  minutes;  in  from  two  to  four  hours  the  diameter 
of  the  pupil  is  H  mm.  greater;  after  the  lapse  of  seven  hours,  contrac- 
tion lias  again  taken  place,  and  on  the  following  day  no  trace  of 
mydriasis  is  perceptible. 

The  ?ufjde  of  action  of  mydriatics  I  have  investigated  with  Dr.  de 
Buiter.  Independently  of  our  researches,  von  Graefe,  as  he  stated 
to  me  by  letter,  had  arrived  at  the  same  results.  Our  experiments 
have  established  beyond  doubt  the  passage  of  atropia  into  the 
aqueous  humour. 

a.  The  action  exhibits  itself  the  more  rapidly,  the  thinner  the 
cornea,  and  the  younger  the  animal  is.  Bemoval  of  the  outermost 
layers  of  the  cornea  hastens  the  action  (von  Graefe).  When  some 
dilatation  ensues  upon  inunction  above  the  eye,  a  trace  of  the  matter 
rubbed  in  may  always  have  reached  the  organ.  On  strong  action 
in  the  wounded  skin  (in  dogs)  some  dilatation  (the  result  of  general 
action)  rapidly  sets  in  also  on  the  other  side.  6.  The  application, 
confined  to  the  cornea,  in  the  eyes  of  frogs,  after  excision  of  the 
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irt,  after  decapitation,  after  removal  of  the  brain  and  «pinal  cord, 
md  even  after  complete  isolation  of  the  eyes,  protliices  distinct  dila- 
tatioD  mthin  a  few  miuutes.  The  same  took  place  in  a  cliopped-off 
calf^s  head,  and  in  recently  killed  rabbits,  c.  A  trace  of  an  extremely 
dilute  solution^  introduced  by  means  of  a  capillary  tube  into  the 
anterior  chamber  of  the  eye,  produced  dilatation  in  rabbits,  d> 
After  repeated  instillation  in  a  rabbit,  the  whole  eye  was  washed  out 
with  a  broad  jet  of  water:  the  aqueous  humour  then  discharged, 
introduced  into  the  eye  of  a  dog,  and  long  kepi  in  contact  with  it 
(von  Graefe  also  injected  it  into  the  chamber),  produced  considerable 

station  of  the  pupiL  This  is  incontestably  the  experim4.*ntnm 
ijf.  The  quantity  which  penetrated  is,  however,  extremely  amallj 
for  the  solution  of  1  i  120,000  kept  equally  long  in  contact  wiih 
the  cornea,  acted  still  more  strongly.  On  internal  administration 
and  consequent  niydrisisis,  the  evacuated  aqueous  humour  was  in- 
efficacious. 

Lastly,  the  question  is,  through  the  intervention  of  tpAaf  mnen 
the  absorbed  atropia  acts.  In  the  first  place,  we  cannot  admit  that 
the  matter  acts  directly  upon  the  muscular  fibre-cells :  the  similar 
nature  of  these  contractile  elements  in  the  sphincter  and  the  dilator 
should  then  lead  va  to  expect  a  similar  influence  upon  both,  and 
strong  dilatation  of  the  pnpil  could  not  take  place.  We  therefore 
infer  that  the  atropia  acts  on  the  nerve  fibres,  or  on  the  ganglionic 
cells,  a.  Tie  tpklncler  muscle  hemme*  paral^tle:  reflex  and  ac- 
commodative movemetits  are  abolished  ;  and,  moreover,  paralysis 
of  accommodation  (of  the  nu  ciliaris)  ensues,  which,  however, 
remains  much  longer  incomplete  than  that  of  the  Bphincter  of  the 
pupiL  Hence  it  follows,  that  the  elements  of  the  oeulo-motor  nerve 
are  paralysed, — the  more  deeply-seated  (of  the  ciliary  muscle)  being 
the  last  to  be  affected  (an  additional  argument  for  tlie  direct  action 
of  the  atropia  on  the  nerve-elements),  5.  Tie  dilator  fnmck  becomes 
stron^l^  contraeiak  The  proof  consists  in  the  fact  that,  as  Ruete* 
was  the  first  to  showj  in  complete  paralysis  of  the  oculo-motor  nerve, 
the  size  of  the  pupil  is  still  considerably  increased  by  atropia; 
additional  dilatation  also  occurs  under  atropia  after  removal  of  the 
nerve  in  question  in  animals.  To  explain  this  we  assume  a  stimulating 
action  on  the  sympathetic  nerve,  whiclj  w^e  can  scarcely  imagine  to  be 
persistent  unless  it  takes  place  by  the  intervention  of  ganglionic 

•  Kliniache  Beiiraget  z,  Paihohffte  vnd  Phynologte  der  Aufftn  und  Okren* 
Braunschweig,  1843,  p.  25Q, 
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cells.  Of  these  it  is  known  that  they  are  specific  in  their  action^  md  d 
a  condition  of  persistent  stimalation  by  a  given  substance  we  ha? e  a 
example  in  the  action  of  strychnia  brought  into  direct  contact  with  die 
grey  substance  of  the  spinal  cord.*  After  a  powerful  effect  of  atropb, 
I  saw  still  further  dilatation  of  the  pupil  arise  on  stimulation  of  the 
sympathetic  nerve  in  the  neck  in  rabbits^  a  proof  that  this  nerie  it 
least  is  not  paralysed.  If  division  of  the  sympathetic  nerve  havt 
previously  taken  place^  the  pupil  on  the  same  side  is  not  so  foDj 
dilated  by  atropia  as  that  upon  the  other.  Biffit  and  Cramer^  saw 
also  in  this  phenomenon  a  proof  of  the  stimulating  action  upon  tbe 
sympathetic  nerve.  We  cannot  admit  it  to  be  such  :  the  differenoe 
between  normal  and  increased  action  of  the  sympathetic  nerve,  ai 
opposed  to  paralysis  of  the  oculo-motor  nerve,  may  be  suffident  to 
explain  the  difference  observed. 

The  influence  of  atropia  on  the  n.  trigeminus  is  probably  nar- 
cotising. However,  both  in  cases  of  paralysis  in  man,  and  after 
the  division  of  this  nerve  in  the  rabbit,  the  action  of  atropia  is  as 
usual :  if  the  pupil  was,  as  in  Dr.  Snellen's  case,  originally  wider 
than  in  the  other  eye,  it  remained  wider  also  after  instillation  in 
both  eyes;  if  it  was  narrower,  as  in  experiments  on  rabbits,  it 
remained  narrower  also  upon  instillation. 

Respecting  the  influence  upon  the  vaso-motor  nerves  of  the  iris, 
nothing  can  with  certainty  be  stated. 

The  ancients  (Conf.  Plinius,  IlisL  Xaturalis,  liber  zxy.  cap.  13)  were 
acquainted  with  the  mydriatic  action  of  some  plants,  and  employed  it  in  the 
depression  of  cataract.  Such  an  action  was  ascribed  especially  to  Anagallis, 
which,  however,  has  not  been  confirmed.  Of  the  influence  of  belladonna  on 
the  pupil  we  find  mention  first  made  by  van  Swieten  ( Comment,  in  Boerharii 
AphorismoSf  t  iii.) ;  moreover,  by  Iteimarus  (conf.  Dari^.  Diss,  de  Atropa 
Belladonna.  Lipsise,  1776),  Mellin,  Ray  and  others;  and  Loder  (conf.  Schi- 
ferli,  Ueher  den  grauen  Staar,  p.  85)  employed  tlie  infusion  in  the  extrac- 
tion of  cataract  Earl  Himly  (  Gott.  Gelehrte  Anzeige,  1800),  who  discovered 
the  mydriatic  action  of  hyoscyamus,  has,  however,  the  merit  of  being  the  first 
to  make  mydriatics  in  an  extended  sense  available  in  ophthalmic  surgery. 
Almost  at  the  same  time  Darwin  (Zoonomioy  Hi.  132,  London,  1801)  sug- 

•  That  Harley  did  not  obtain  this  efiect,  is  probably  to  be  attributed  to 
the  employment  of  too  strong  a  solution  (conf.  KoUiker,  VerhandL  der 
Geselhch,     Wiirzburg,  B.  ix.  p.  xvii.). 

t  Intomo  alVinJluenza  che  hanno  suWocchio  i  due  nervi  grandi  sympathico 
e  vago.    Pavia,  1846,  p.  12. 

X  Het  accommodatie-vermogen,  1853,  p.  127. 
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geHtedthe  advantage  to  be  derived  tberefrom  in  aome  forms  of  oplithalmift, — 
*11ie  iniuence  of  mydriatics  on  theaccotmaodiitionwQs  not  iovestigated  notil 
^  later  period,  aod  then,  indetd,  with  wonderful  accuracy,  by  Dr.  Wells 
(  Ph  HoKoph  tea  i  Tran  sactitma,  1811,  p,  ii  7  8 )  ♦  I  q  h  is  ex  per i  men  ts  u  pon  D  r. 
Cutting,  it  appeared  that  the  accomtuodation  was  w^iolly  lost,  and  even 
that  the  farthest  point  somewhat  receded.  In  a  coajde  of  myopes,  too, 
diminution  of  accotnuiodation  with  unahered  fartheftt  point  was  established. 
In  connexion  with  the  olist^rvation  which  we  here  flnd^  that,  on  the  pasaing 
off  of  the  inflect,  the  diminution  of  the  pupil  and  the  increase  of  the  range  of 
vision  did  not  keep  regular  pace  with  eachMher  (the  occurrence  of  dilatation 
before  the  lo&s  of  acootnmodiitiou  was  unobserved),  Brewster  came  to  the 
conclnsion  that,  after  the  application  of  belladonna,  another  organ  than 
the  iris  must  also  be  paralysed,—  Kumero us  other  investigatiouB  were  oom- 
muuicated  Irom  many  quarters,  but  contributed  nothing  essential  beyond 
what  is  comprised  in  the  foregoing  section.  Only  it  still  deserves  to  bo 
mentioned  that,  according-  to  von  Oraefe,  diminished  tension  of  the  fluids  of 
the  ©ye  might  also  be  admitted  as  a  result  of  the  use  of  atropia,  of  the  oor- 
reotness  of  which  view  Dr.  8chneller  {Archiv  f.  Ophthalmohgie^  B,  IT*, 
Abth.  2.,  p.  95.)  thought  he  found  a  proof  in  the  dilatation  of  the  vessels  of 
the  retina  observed  by  him.  I  suggesttfd  a  doubt  whether,  supposing  that 
the  observation  is  oonrect,it  indicates  diminished  tension  (conf. Kuyper,  /.  c). 
The  paralysis  of  the  accommodation  certainly  could  not  explain  thia,  for,  even 
if  with  accommodation  temporary  increased  tension  may  arise,  the  relation 
between  absorption  and  secretion,  just  as  we  observe  in  consequence  of 
pressure  with  the  finder  on  the  eye,  would  immediately  remove  it  by  the 
absorption  of  a  little  Enid,  The  tension  of  the  eye  depends  upon  the  action 
of  the  secretory  nerves,  and  these  lie  in  the  patii  of  the  n.  trigeminus,  the 
division  of  which,  as  numerous  experiments  have  shown  me,  e4>nsiderably 
lessens  the  tension  of  the  eye.  We  should  thus,  a  priory  think  it  possible 
that  atropia,  by  paralysing  these  nerves,  should  diminish  the  tension,  but  I 
Uave  never  been  able  with  certainty  to  satisfy  myself  of  it. 


§46,  Morbid  Paralysis  of  Accommodation. 


Paralysis  of  accommodalioB  as  disease  is  by  no  means  an 
unusual  occurrence.  Emmetropic  and  ametropic  eyes  are  alike 
liable  to  it.  It  occurs  too  at  every  age,  but  in  old  persons,  who 
have  already  lost  their  accommodation  by  senile  changes,  it  is  of 
little  importance.  As  we  know,  that  the  accommodation  is  effected 
exclusively  by  the  internal  muscles  of  the  eyCj  we  can  seek  pardlyais 
also  only  in  the  fibres  of  the  short  root  of  the  ciliary  ganglion. 
Now,  in  fact,  it  often  occurs  that  only  these  fibres  are  paralysed, 
and  ill  this  case  we  have  paralysis  of  accommodation  alone;  except 
that  paialjsis  of  the  sphincter  pupillte,  which  derives  its  motor  fibres 
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from  the  same  root,  is  usually  combined  therewiih.     But  in  sboit 
an  equal  number  of  cases  there  exists  at  the  same  time  paralysi  ol 
other  fibres  of  the  oculo-motor  nerve,  and   not  unfrequentlj  the 
paralysis  extends  even  to  all  the  branches  of  this  nerve.    It  is  I^ 
markable,  that  while  paralysis  of  accommodation  verj  often  occus 
separately,  paralysis  in  the  domain  of  the  oculo-motor  nerve  is  eos- 
paratively  rarely  met  with,  without  paralysis  of  accommodation.   I 
may  add,  that  so  far  as  my  experience  goes,  uncomplicated  paralysis 
of  accommodation  occurs  much  more  frequently  in  women,  often  too 
in  children ;   paralysis  of  the  oculo-motor  nerve  on  the  contran, 
including  paralysis  of  the  accommodation,  is  much  more  frequendj 
found  in  men,  and  ordinarily  not  until  after  the  twenty-fifth  yeir. 
In  either  case,  the  paralysis  is  rarely  complete  :  generally  speaking,  it 
is  only  paresis,  inasmuch  as  a  certain,  though  usually  only  a  slight 
degree  of  accommodation,  has  remained. 

Uncomplicated  paralysis  of  accommodation  has  only  one  objective 
symptom  :  dilatation  and  immobility  of  the  pupil.  The  dilatation  is 
not  considerable ;  for  even  with  complete  paralysis,  a  wider  pupil 
than  the  normal  in  the  dark  is  not  to  be  expected.  Nevertheless, 
in  complete  paralysis  not  a  trace  of  either  accommodative  or  of  reflex 
movement  is  to  be  seen.  But  I  may  add,  that  these  cases  are  ex- 
tremely rare.  Further,  the  connexion  between  paralysis  of  the 
pupil  and  of  accommodation  cannot  be  called  absolute :  once  I  found 
satisfactory  accommodation  still  coexistent  with  absolute  immobility 
of  the  pupil.  In  one  instance  too,  paralysis  of  accommodation  disap- 
peared without  a  return  of  the  mobility  of  the  pupil, — ^and,  on  the 
other  hand,  with  perfect  or  almost  perfect  loss  of  accommodation, 
the  motion  of  the  pupil  may  be  but  little  disturbed. 

From  all  this  it  is  evident,  that  the  mhjective  phenomena  are  the 
most  important.  Now,  upon  these  the  refraction  of  the  eye  has  a 
considerable  influence. 

Mj/opeSy  whose  farthest  point  is  not  more  than  14"  from  the  eye, 
find  no  difficulty  in  reading,  for  this  point  remains  unchanged,  and 
although  their  nearest  point  then  coincides  with  it,  they  see,  with 
unalterable  refraction,  perfectly  acutely  at  the  distance  of  14*  or 
less.  The  disturbance  is  confined  to  this,  that  on  the  one  hand, 
objects  at  a  greater  distance  appear,  on  account  of  the  greater  circles 
of  difi'usion  of  the  larger  pupil,  more  diffuse  than  usual, — on  the 
other,  that  within  the  distance  of  their  combined  nearest  and 
farthest  point,  they  cease  to  see  acutely.   Both  disadvantages  are  in 
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great  part  removed  wben  the  puralysis  of  accoiomodation  is  incoiu- 
pbte,  and  we  then  hear  few  complaints  from  myopes.  It  is  only 
when  they  wear  neutralising  spectaelcs,  and  u?e  them  at  their  work, 
that  tlicy  are  on  a  footing  with 

Emmefropf'.'i, — ITaesei  on  the  occurrence  of  paralysis  of  aceomnio- 
dation,  irn mediately  resort  to  the  oculist.  They  eaii  no  longer  read 
nor  write,  and  ihvy  are  aware  that  iin  important  disturbance  exists: 
even  when,  as  is  usual,  only  one  eye  is  atTected,  a  certain  dimness  is, 
on  nrconnt  of  the  acvite  ori^nn  of  the  paralysis,  forthwith  observed, 
causing  each  eye  to  be  stpLirutely  tried,  and  thus  the  lesion  is 
discovered.  If  we  find  that  vision  at  a  distance  is  acute,  and  with 
either  concave  or  convex  glasses  becomes  diffuse,  while  for  ne^r 
objects  convex  glasses  are  necessary,  the  diagnosis  is  made,  wliich 
finds  only  a  still  further  conHrmation  in  the  torpidity  of  the 
dilated  pupih 

The  paralysis  of  accommodation  is  productive  of  yet  greater  dis- 
turbance in  Iltfpermetropes  :  not  only  for  near,  but  also  for  distant 
objects,  with  respect  to  which  an  involuntary  accommodation  for- 
merly e;isily  overcame  their  hypennetropia,  is  their  vision  dilfuse.  It 
is  evident,  that  such  a  condition  suggests  the  idea  of  amblyopia,  and 
I  have  already  (p,  JJ86)  communicated  a  case  in  which  the  patient's 
father,  himself  a  medical  man,  fearcd  the  worst.  By  atteniling  to 
the  direction,  in  any  disturbance  of  vision,  systematically  to  define 
with  ghisses  the  refraction,  and  the  acuteness  of  sight  in  distant 
vision  (compare  §  9),  we  shall  be  sure  to  avoid  error  :  amblyopia  is 
thereby  forthwith  excluded,  and  while  the  glasses  required  for  diMant 
vision  are  insufficient  for  seeing  near  objects,  the  paralyds  of  accom- 
modation is  recognised, 

Tlie  phenomena  are  less  characteristic  when  no  complete  pnndysis, 
but  only  paresis  is  present.  Tiie  myope  theu  often  experiences  no 
actual  disturbance ;  tlie  emmetrope  complains  of  fatigue  only  on  tension 
for  near  objects,  resemldingthe  asthenopia  of  the  hY[>ermef  rope  (com- 
pare Chap,  v.,  p.  287) ;  but  the  hypcrtnetrope  very  rapidly  experiences 
considerable  asthenopia  for  near  objects,  and  even  difiicuhy  in  seeing 
acutely  at  a  distance.  In  general  with  paresis  of  a  ceo  mm  od.it  ion, 
asthenopia  very  quickly  occurs ;  in  the  first  place,  because  the  wider 
pupil  requires  more  accurate  accommodation  to  distinguish  satisfac- 
torily; in  the  second  place,  because,  just  as  in  atropia-paresis,  the 
rehitive  range  of  acrommodation  is  very  unfavourably  situated : 
while  with  the  maximum  convergence^  the  closest  point  is  found 
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cotDparalively  Utile  farther  from  the  eje,  with  mediam  coiive 
fcOnly  a  slight  tension  of  nccomf notation  appears  to  be 
•  8ometirac»  in  parcsja  of  accommodation  micropia  is  also  < 
of  j''^  the  explaiiation  of  which  is  given  above  (p.  586). 

The  foregoing  refers  more  particularly  to  the  uncomplic 
paralysis  of  accommodation.  Often,  howe%^erj  this  isf  n&  we 
seen,  only  a  pari  of  a  more  general  morbid  cofuiUian,  and 
frrtjuently  o^ jmralynhi  tyf  the  oculs-moUtr  ncTVt%  If  tliis  is  coiofldr 
the  upper  eyelid  hangSj  and  the  outer  angle  of  the  slit  even  stia 
considerably  lower  than  tliat  of  the  other  side  (compare  Fig.  \\ 
taken  from  a  photograph) — a  proof  that  the  (now  parJysed)  elt? 
of  the  upper  eyelid  ia  also  the  elevator  of  the  conjoined  lower  \\L 
very  slij^ht  upward  movement  of  the  eyelid  remaiusj  in  conseqod 
of  the  fact  that,  on  cntleavouring  to  raise  it,  the  musculus  orbie 
palpehraram,  wliicli  is  governed  by  the  facial  nerve,  can  relax  itadL 
still  more  t  the  latter  muscle  remains  in  any  ease  capable  of  8b 
contraction.  If  we  raise  the  paralysed  eyelid,  we  find  the  cor 
deviati^d  outwitrds  (Fig.  169),  and  on  looking  to  the  opposite  ad 


Fig.  168. 


Fig.  169. 
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scarcely  reaches  the  middle  of  the  slit  fparalysis  musculi  recti  intefni). 
On  eudeavouring  to  look  upwartls,  the  paralysed  eye  remains  unal* 
tiTcd  iu  its  place  (paralysis  mm.  recti  superioris  d  obliqui  Infer! 
On  endeavouring  to  look    downwards,   the   m,   obliquus    sup^       ^ 

*  Demours  in  particular  ( Traiti  d^s  maladies  dr$  yenx^  T.  i.  p«  444)  bu 
renmrlspd  this.    Compare  also  Duvali  Ann,  d* Oculist ,  T.  xxUi,  p.  }&4, 
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wliicli  is  governecl  by  the  n.  trocliilearisi,  alone  acts,  aud  this,  especially 
when  the  eye  is  turned  outwards,  produces  a  slight  inward  rotation 
around  the  visual  axis  rather  thtin  a  downward  tnovemeiit  of  this 
axis.*  With  the^c  |ihenomcna  a  misapprehension  of  the  position, 
and  an  apparent  movement  of  the  ohjeets^  on  every  attempt  at  move- 
ment  of  the  eye,  are  combined — the  llrst  depentlent  on  an  incorrect 
estimation  of  the  position  of  tlie  eye,  the  second  on  the  loss  of 
adequate  correspondence  between  the  attempt  at  movement  vol untflTily 
made  and  the  real  movement  of  the  tield  of  vitsion  on  the  retina. 
The  complaint  of  vertigo  is  tlius  explained. — In  otlier  cases  only  a 
port  of  the  muscles,  influenced  by  the  third  pair.  Is  implicated  in 
the  paralysis;  sometimes  the  m.  levator  palpebrre  suijeriori::^,  wlncVi 
docs  not  readily  remain  wholly  free,  and  also  very  easily  shows  the 
disturbance,  alone  is  affected,  sometimes  the  lu.  rectus  internus; 
very  seldom  the  m.  obliquus  inferior  is  implicated,  notwithstand- 
ing that  it  is  precisely  the  brunch  destined  fi>r  this  muscle, 
wliich  gives  off  the  short  root  of  the  ciliary  ganghon,  of  which 
wholly  uncomplicated  paralysis  very  often  occurs, — Not  unfre- 
quently,  too,  in  both  eyes,  ditferent  muscles  governed  by  the 
third  pair  are  at  the  same  time  or  consecutively,  more  or  less  para- 
lysed^ whether  with  the  accommodation  or  not. — Farther,  w^c  ob- 
sexve  that  the  fourtti  and  sixth  pairs  are  also  nffeeted  (I  have  even 
seen  a  case  in  which  only  the  musculus   rectus  cxtenius  and  the 

*  The  rotation  mentioned  heref  wftn  observed  and  analysiid  by  me  in  a 
r<|ise  describt^d  in  the  Xidirhwhch  Lancet,  1 850,  D.  vi,  p.  425.  Compare 
also  Huete,  Klim&che  Beitriige^  p*  242«  It  demands  some  explanation  here. 
in  the  movementa  of  the  visual  axis  directly  upwards  and  downwards,  oa 
well  as  in  those  to  botli  aides  in  a  horizontal  plane,  tho  vtrtical  meridians  of 
Uie  primary  position  remain  perfectly  vertical,  as  appears  from  the  coincidence 
of  the  secondary  images  of  a^ertical  coloured  ribbon  witli  theimagts  of  otlier 
vertical  lint^s,  so  that  in  the  last  case  the  eye  rotates  round  a  vertical,  in  the 
first,  round  a  horizontal,  axis.  To  make  this  possible,  the  m,  rectus  superior 
and  the  m.  obliquus  inferior  must  in  the  movement  upwards  assist  each 
other  in  the  rotation  around  the  horizimtal  axis,  and  in  the  rotation  around 
the  visual  axis  they  must  neutralise  one  another;  the  same  is  true  of  the  m. 
rectus  inferior  and  the  m.  obliquus  superior  in  lookiti^  downward.  This 
explmns  the  etlect,  observed  in  paralysis  of  the  oculo-motor  nerve,  of  tlie  m, 
obliquus  superior,  governed  by  the  n.  troehlearis,  on  an  eflbrt  to  look  down- 
ward, the  muaculus  rectus  inferior  being  paralysed.  Compare  Euetl^  I)as 
Ophthiilmotrop,  1846,  p.  9,  and  F,  C.  Dondirs,  Ueitrag;  zur  Lehre  von  den 
B«wegungen  des  menschlichcn  Auges  in  Jlollandkchi'  Jhitriige  zti  dcft  ana- 
tomischeti  und  phymtlotjUcken  Ulsaentchajtefi,  184(j,  B.  i,  pp.  105,  ei  $eq, 

•J 
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accommodation  were  paralysed) ;  and  occasionally,  too,  paisstheai 
exists  in  some  branches  of  the  fifth  pair. — Lastly,  the  panljss  i 
accommodation  is  wholly  subordinate  to  that  of  different  parts  i 
the  body,  and  then  ^lepends  upon  disturbance  of  the  central  o^u». 
Under  all  these  combinations,  however,  the  disturbance  cooDedd 
with  paralysis  of  accommodation  continues  of  the  same  kind. 

On  what  morbid  alteration  the  paralysis  of  accommodation  de- 
pends, is  often  obscure.  Experience  shows  that  in  sudden  clumga 
of  temperature,  particularly  on  exposure  to  storms  or  draughts  d 
air,  paralysis  of  the  motor  nerves  of  the  eye,  sometimes  of  a  single 
nerve  or  of  particular  branches,  not  unfrequently  occurs.  When  the 
days  are  extremely  warm,  and  the  evenings  cool,  a  lai^r  number  of 
cases  of  this  paralysis  is  in  general  met  with.  Such  cases  are  called 
rheumatic,  and  are  referred  by  some  to  an  inflammatory  affection  of 
the  nerve-sheath.  The  paralysis  in  these  cases  occurs  suddenly ;  often 
it  is  observed  on  awaking  in  the  morning.  We  may  hope  that  after 
some  weeks  or  months  it  will  again  give  way,  but  at  the  end 
of  six  months  such  hope  must  be  abandoned.  If  the  other  eye 
also  subsequently  becomes  affected,  as  I  have  often  seen  it,  the  idei 
of  con^-titutional  predisposition  is  naturally  suggested;  but  for  this 
view  there  is  frequently  no  ground. — Only,  syphilis  is  recognised  as 
a  constitutional  cause,  and,  if  mercurials  are  used,  it  may  produce 
paralysis  even  many  years  after  infection.  Under  such  circumstances 
the  paralysis  is  rarely  limited  to  the  accommodation.  The  seat  is 
especially  considered  to  be  central,  when  both  sides  are  affected; 
by  periostitis,  by  i)eculiar  tumours  of  the  nerves,  {)erhaps  also  by 
inflammation  of  the  nerves,  syphihs  may  produce  paralysis.  Usually, 
however,  nothing  of  these  morbid  changes  is  apparent  during  life. 
The  prognosis  is  in  such  instances  less  favourable. — Moreover,  we 
find  cases  recorded  in  which  injurj,  abscesses  in  the  orbit,  tumours 
in  the  cranial  cavity,  and  different  morbid  changes  in  the  brain  were 
in  operation,  and  credulous  people  have  admitted  hysteria  and  hypo- 
chondriasis into  the  list  of  causes. 

On  the  subject  of  treatment  we  may  be  brief.  The  so-called  rheu- 
matic paralysis  often  gives  way  spontaneously,  most  frequently  after 
two  or  three  montlis.  It  is  pretty  generally  the  custom,  under  such 
circumstances,  to  apply  an  ointment  with  Veratria  around  the  eye, 
and  to  give  secale  cornutum  internally,  and  in  this  respect  I  myself 
follow  the  example  of  others ;  but  it  is  very  hard  to  satisfy  one's  self 
by  comparative  observation  that  this  plan  is  attended  with  any  benefit. 
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The  myosiSj  which  is  the  result  of  the  employment  of  GJabar, 
even  in  paralysis  of  the  oculo-raotor  nerve,  miiy  in  every  case  pro- 
duce symptomatic  improvement  How  far  this  remedy  is  other- 
wise indicated,  farther  experience  must  decide  (compare  the  close  of 
§  4S  on  Myosin  and  Myotics).  On  the  supposition  of  the  existence 
of  constitutional  syphilis,  an  antis}^)hihtic  treatment  is  often  tried, 
and  the  preference  is  genertilly  given  to  a  short  course  of  inunction, 
whichj  however,  as  every  otlicr  treatmenl^  is  frequently  unattended 
with  any  marked  result. — Where  the  iier\^ous  system  is  more  generally 
implicnted,  regimen  and  treatment  are  directed  to  that  condition, 
without  special  attention  to  the  paralysis  of  accommodatiou. 

Respecting  the  use  of  spectacles  in  paralysis  of  accommodation,  it  is 
almost  sufficient  to  observe,  that  there  is  scarcely  ever  any  objection  to 
bringing  the  point  of  distinct  vision  to  the  distance  which  the  existing 
acutene^f  of  vision  and  the  nature  of  the  work  to  be  performed  render 
desirable.  Sometimes,  however,  especially  when  the  paralysis  is  in- 
complete, we  give  weaker  glasses,  so  that  the  tension  required  ensures 
practice  of  accommodation.  But  if  asthenopia  then  occurs,  we  do  not 
withhold  stronger  glasses.  Whether  in  paralysis  of  accommodation 
of  one  eye  the  as.sistaiice  of  a  convex  glass  is  to  be  afforded,  must  be 
judged  from  what  has  been  said  as  to  the  use  of  glasses  in  ditrerence 
of  refraction  of  the  two  eyes  (compare  §  42),  We  sliould  bear  in 
mind,  that  in  tlie  stationary  refraction  of  the  one  eye,  the  same 
glass  can  in  this  case  be  useful  only  for  a  given  distance. 

The  principal  objective  phenomenon  of  paralysis  of  accommodation^ — the 
wide,  immovable  pupil — was  the  first  to  attract  att^Dtion,  and  wosdtsiguftted 
by  tbo  ancients  under  the  term  m^driaaut.  But  a  dilated  pupil  being  a  symptom 
of  amaoTOsiiij  the  disturbance  of  vision  in  simple  paralysis  of  accommodation 
was  also  looked  upon  ab  a  slight  de^ee  of  amblyopia,  or  was  ascribed  to  tlio 
excess  of  incident  light.  Even  in  our  own  day  this  error  is  not  unuBuiil, 
It  was  in  fact  incredibly  long,  before  ophtiialmologiats  in  general  liad  a 
sufficiently  correct  idea  of  accommodation  properly  to  comprehend  its  devia- 
tions. And  this  in  spite  of  the  exoellent  example  of  Dr.  Wells  (PAi/o- 
snphkal  TrntistjctifjtnSf  vol.  ci.,  p.  378,  London,  ISll),  Mho,  in  1811,  cor- 
rectly recognised  and  understood  a  case  of  paralysis  of  accommodation,  and 
terminated  his  description  with  the  following  pregnant  words : — "  From  theed 
ciroumstances  it  was  plain  that  this  gentleman,  at  the  same  time  that  his 
pupils  had  become  dilatedi  and  his  upper  eyelids  paralytic,  had  acquired 
the  sight  of  an  old  man,  by  losing  suddenly  the  command  of  the  muscles, 
by  which  the  eye  is  enabled  to  sec  near  objecU  distiuotly  j  it  being  known 
to  those  who  are  conversant  with  the  facts  relating  to  human  vision,  that 
til©  eye,  in  its  rekxed  state,  i»  fitted  for  distant  objects,  and  that  the  »'^»"'- 
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of  near  objects  accurately  is  dependent  npon  muscular  exertion. "  Now,  is 
Ruete  states,  we  find  mention  made  by  some  writers,  as  E.  Home,  Sidiel, 
and  Canstatt,  in  cases  of  paralysis  of  the  oculo-motor  nerve,  of  diminished 
accommodation  for  near  objects ;  but  still  we  miss  the  accurate  detennins^ 
tion,  and,  in  general,  any  correct  idea  of  the  state  of  the  ease.  James 
Hunter  (Edinburgh  Medical  and  Surgical  Journal,  Jan.  1840,  p.  124)  even 
thinks  that  a  case  of  mydriasis  occurring  suddenly  in  a  child,  in  which 
near  objects  could  be  distinguished  only  with  the  aid  of  conyex  spectacles 
(l)f  must  be  ascribed  to  spasm.  With  reference  to  this  case,  Himly  (/.  e^ 
6.  2,  p.  481)  proposes  the  question,  whether  paralysis  should  not  rather 
produce  presbyopia,  and,  in  fact,  he  describes  paresis  of  aocommodatioii 
under  the  name  of  suddenly-occurring  presbyopia*  In  like  manner,  what 
was  described  by  von  Walther  {Journal  von  Graefe  und  Walther,  B.  iii. 
p.  22),  as  amaurosis  ciliaris;  by  Sichel  (Ann.  d'ocuUst,  1853)  as  amblyopie 
presbytique,  might  also  be  nothing  else  than  paresis  of  aooommodation. 
Meanwhile  Ruete  (/.  c.  1843,  p.  246)  treated  in  detail  of  the  influence  of 
paralysis  of  the  third  pair  upon  the  accommodation  ;  but,  as  in  the  thres 
cases  which  he  happened  to  meet  with,  scarcely  any  disturbance  ef^isted,  he 
thought  that  no  very  great  influence  upon  the  accommodation  is  to  be 
attributed  to  this  nerve. 

Thus  ignorance  or  doubt  remained.  I  know  not  who  was  the  fifst  to 
suggest  clearer  and  correct  ideas.  But  it  seems  as  if  these  were  included 
in  the  discovery  of  the  principle  of  accommodation,  and  on  that  disooveiy, 
as  it  were,  spontaneously  came  to  light  in  different  quarters,  although 
Cramer,  who  discovered  that  principle  himself,  was  still  deceived  as  to  the 
nervous  influence  in  accommodation.  A  more  accurate  observation  of  the 
cases  which  presented  themselves  certainly  proceeded  from  the  introduction 
of  the  determination  of  the  range  of  accommodation. 

Mydriasis,  as  a  symptom  of  blindness,  almost  always  depending  on  a 
cerebral  cause,  does  not  belong  to  my  subject.  With  respect  to  mydri- 
asis, independent  of  paresis  of  accommodation,  I  might  probably  also  be 
silent.  I  believe,  in  fact,  that  in  the  great  majority  of  cases,  either  the 
paresis  of  accommodation  was  overlooked,  or  the  existence  of  mydriasis  was 
lightly  assumed.  Certainly  it  has  not  been  sufficiently  kept  in  view, 
that  young  children  usually  have  large  pupils,  and  thus  all  sorts  of  causes 
have  been  called  upon,  but  especially  the  presence  of  worms,  to  explain  a 
phenomenon  which,  in  childhood,  needed  no  explanation.  Accurate  determi- 
nations of  the  size  of  the  pupil,  the  light  being  the  same,  may  in  each 
case  be  required :  in  my  own  investigations,  in  which  the  measurement  was 
effected  with  the  ophthalmometer,  I  was  struck  with  the  great  similarity 
of  the  pupil  in  the  same  individuals  at  different  times,  the  illumination 
and  the  accommodation  only  being  equal.  Moreover,  cases  are  communi- 
cated in  which,  with  a  general  tendency  to  spasm,  with  anaesthesia,  also 
with  irritation  of  the  fifth  pair,  there  was  a  particularly  wide  pupil,  but 
respecting  the  accommodation  nothing  is  here  noted.  A  remarkable  case,  with 
irregular,  almost  whimsical,  sometimes  periodically  recurrent,  mydriasis,  for 
a  time  alternating  in  the  two  eyes,  with  accompanying  paresis  of  aooonuno- 
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ioikf  is  recorded  by  toq  Graefe  {Arrkiv  f,  Ophthalmohnfie^  B.  iii,,  H.  2, 
869),  In  this  inatance  the  power  of  vision  was  permanently  distnrhed, 
and  probably  a  cerebral  aflFeotion  was  at  tbe  bottom  of  it.  Von  Graefe 
says  he  has  also  observed  mydriasis  to  be  a  precursor  of  nmnia, — That  tin 
irritated  condition  of  the  syrapathetio  nerve  in  the  neck  (irritation  of  the 
abdominal  portion  in  aniraals  does  not  produce  mydriasis)  might  lead  to 
uneomplicated  mydriasif,  without  any  influence  on  the  accommodation,  is, 
a  priori,  very  probable  ;  but  the  cases  in  which  the  occurrence  thereof 
ahould  be  proved  are  almost  wholly  wanting  in  literature,  and  in  nature 
I  have  so  far  not  met  with  them. 


547.  Paresis  of  Accommodation  after  Diphtheeia  i'aucuim 
axd  weakening  of  accommobation, 

For  some  years  pnst  a  malignant  disease,  known  by  tlie  name  of 
tiijihtheriafatichm,  or  an^hia  diphtheritica  (better  dip kt henna),  hns 
prevailed  in  certain  countries  of  Europe.  In  the  commencement  of 
1860  it  began  to  manifest  itself  in  several  places  in  the  i^etlierlands, 
where  it  is  still  prevalent,  and  even  in  the  course  of  the  past  year 
carried  many  to  the  grave.*  In  France  and  elsewhere^  different 
forms  of  paralysis  had  been  ob.«terved,  as  sequelae  of  this  diphtheria. 
Among  tlieae  mention  had  been  made  of  disturbance  of  visiou,  but 
without  just  appreciation  of  its  nature.f  Soon  after  the  occurreuce 
of  the  disease,  cases  presented  themselves  to  me,  to  tl^e  coiinexinn  of 
which  \rilh  the  angina  in  question  I  was  led  by  a  particular  cirt;uni- 
stance.  It  immediately  appeared  to  me,  that  what  was  considered 
aa  disturhance  in  the  function  of  the  retina,  was  a  simple  jiaresis  of 
acconmaodation;  and  I  subsequently  had  opportunities  of  satisfying 
myself  of  the  correctness  of  this  view  in  a  great  number  of 
patients. 

*  See  the  Reports  in  the  Neilerland^ch  Tydschrifi  voor  Geneeikunde^ 
1863. 

t  Mention  had  already  been  incidentally  made  of  paralysis  after  diph- 
theria, by  Bretonneau,  Trousseau  and  Biaohe,  and  a  detailed  description  of  a 
case  observed  by  him,  with  a  brief  report  of  six  others,  was  given  by 
Fanre  {L  Union  Mid,^  Nos.  IS  and  16,  1857).  Althongh  general  paralytic 
symptoms  are  the  most  prpminent^  mention  is  made  also  of  paralysis  of  tbe 
palate  and  of  **  weakness  of  sight,"  onoe  too  of  strabismus.  Cases  are  given 
also  by  Richard  and  by  Mayer  (conf.  Eisenmann,  Catmtatttt  Jahre&herichty 
18a8),  in  which  mention  is  made  of  disturbance  of  viBion. — Sinoo  my  own 
investigations,  confirmatory  observations  have  reached  me  from  various 
quarters. 
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The  foUowing  is  a  histoiy  of  the  course  of  my  observations  on 
this  subject : — *  \ 

I.  Miss  D.,  aged  26,  applied  to  me  on  the  22nd  of  May,  1860,  eonpiiii-     ■ 
ing  of  disturbance  of  vision.     On  examination,  it  was  found  that  this  dis-     j 
turhanoe  depended  on  diminution  of  the  power  of  accommodation.     Remote      . 
objects  were  seen  quite  acutely,  and  were  rendered  diffoae  both  by  convex     I 
and  conca^^  glasses :  emmetropia,  therefore,  existed.     The  distance  P  of  the 
nearest  paint  (at  26  years  of  age,  with  normal  range  of  accommodatiot 
of   the  emmetropic  eye  =  from  4|   to  5  Parisian  inches)   was   redoeed 
for    the  right  eye  to  about  24^  for  the  left  to  12*.      With  glasses  of 
i,  R  was  for  the  right  eye  =  12^;  for  the  left  R  was  =  8^     The  popih 
were  wider  than  usual,  particularly  the  right  one ;  the  reflex  moTemeat 
was  tolerably  good,  the  accommodative  movement,  particularly  in  the  right 
eye,  was  very  limited. 

Rather  more  than  five  weeks  previously  the  patient,  then  lodging  at 
Bennekom,  had  suffered  from  inflammation  of  the  throat.  HaTing 
returned  to  Utrecht,  she  for  the  first  time  remarked,  about  fourteen  dayi 
before,  that  she  could  no  longer  see  near  objects  acutely.  She  could  read  onlj 
a  few  lines,  and  that  not  unless  at  a  comparatively  great  distance ;  there- 
upon everything  ran  together ;  the  letters  were  unrecognisable ;  the  lines 
appeared  to  be  strokes ;  the  eyes  were  as  if  fatigued. 

These  symptoms  resemble  those  of  ctsthenopia.  But  there  was  no 
manifest  hypermetropia ;  and  with  atropia-paralysis  scarcely  Hmi 
appeared,  which  is  usual  with  emmetropic  eyes.  We  had,  therefore, 
not  to  do  with  ordinary  asthenopia.  Indeed,  both  the  history  of  the 
case  and  the  present  symptoms  were  opposed  to  the  affection  being 
of  that  nature.  As  to  the  first, — the  disturbance  had  occurred 
suddenly,  at  least  within  a  few  days,  without  any  particular  fatigue 
having  been  remarked  before,  even  on  continued  work.  In  aslhe- 
nopiafrom  h^pertnetropia,  on  the  contrary,  the  troublesome  symptoms 
come  on  either  very  slowly,  at  first  apparently  periodically,  or  after 
particularly  weakening  causes.  And  as  to  the  symptoms  :  the  nearest 
point  was  too  far  from  the  eye ;  reading,  &c.,  was,  even  on  the  first 
attempt,  too  difficult ;  rest  of  the  eye  was  attended  with  too  Uttle 
temporary  improvement.  Moreover,  the  peculiar  feeling  of  pressure 
in  the  forehead,  which  brings  the  hand  involuntarily  to  that  part, 
was  wanting ;  while,  on  the  other  hand,  the  wide  and,  in  accom- 
modation, too  shghtly  movable  pupils,  pointed  directly  to  paresis. 

The  cause  of  this  paresis  was  meanwhile  obscure.     In  children, 

•  The  particulars  have  been  given  in  detail  by  me  in  the  Archivfilr  die 
Hollandische  Beitrdge  zur  Natur,  und  Heilkunde,  published  by  F.  C. 
Donders  and  W.  Berlin.     B.  10,  1861. 


PECULIAR  LESION  OF  SPEIXIL 


601 


according  to  my  experience,  loss  or  diminution  of  the  accommodation, 
without  paresis  of  the  nuiscles  of  the  eye,  io  both  eyes  alike,  does 
not  occur  so  rarelvi  and  usually  gets  well  within  two  or  three  months  : 
the  cause  then  remains  quite  unknown,  and  recovery  ensues  without 
anything  particular  having  been  done*  In  adults  this  is  quite 
diflerent :  paralysis  of  accommodation  in  both  eyes  totjtth&r  is  in  such 
persons  a  very  uimsual  occurrence,  certainly  still  rarer  without 
further  paralysis  of  the  muscles  of  the  eye  and  eyelids.  1  was 
therefore  unable  to  give  any  certain  prognosis  from  experience. 
The  prognosis,  however,  could  not  be  favourable,  inasmuch  as  the 
simultaneous  occurrence  of  the  alTection  ou  both  sidt^a  led  me  to 
suspect  the  existence  of  a  central  cause,  to  whii  h  dulness  in  the  head, 
slight  attacks  of  vertigo,  and  sometimes  even  violent  headaclie,  gave 
still  further  support.  Derivation  by  the  intestinal  canal,  pediluvia, 
stimulating  frictions  m  the  frontal  region,  were  prescribed,  and  rest 

was  recommended.     Subsequently  glasses  of  y-r  were  permitted  for 

near  objects,  by  which  all  difBculty  for  close  vision  was  removed. 

In  examining  this  patient,  a  peculiar  ksian  of  speech  did  not 
escape  me.  I  susj^ected  that  it  must  have  depended  on  a  congenital 
defect.  Through  motives  of  delicacy  I  was  unwilling  to  ask  the 
patient  directly  about  it ;  nor  did  she  allude  to  it. 

ir.  About  a  fortniglit  after,  a  youth  Darned  R.,  aged  !*>,  of  fair  complexion, 
palt',  aod  ratbtr  slight,  was  lirought  to  me.  His  oomplaints  w^ero  in  all 
respects  the  Bame  as  those  of  Miaa  D.  The  power  of  vision  was,  however, 
still  more  limited :  at  a  distance  he  saw  acutely  ;  as  for  near  objects,  on 
the  contrary,  he  could  ahsolutdj  not  road  ordinary  type.  Hie  closest  poiut 
of  distinct  vision  could  not  be  directly  determined  ;  with  glassea  of  { 
it  lay  at  7'.  The  pupils  were  large,  reflex  motion  was  slight,  accommoda- 
tive movement  was  scarcely  perceptible. 

It  struck  me  that  in  this  boy  there  was  a  lesion  of  speech  similar  to  that 
in  the  case  of  Miss  D.  He,  too,  had  suffered  from  sore  throat  More- 
over, he  oarae  from  Ede,  a  village  in  the  immediate  neighbourhood  oi' 
Bennekom.  Still  more:  I  heard  that  in  the  sauie  Bennekom  several  other 
people,  who  bad  likewise  suilered  from  inHammation  of  the  throat,  presented 
both  disturbance  of  vision  and  difficulty  of  speech.  This  fact  appeared  to 
me  to  be  truly  important 

In  K.,  I  now,  in  the  first  place,  investigated  everything  whioh  had  refer- 
ence to  the  modihcation  of  the  voice  and  speech.  The  disturbance  bad  in 
this  boy  remained  directly  after  the  inflammation  of  the  throat ;  in  Missl).  it 
had  not,  as  I  subsequently  ascertained,  been  developed  until  some  time  alliT 
the  sore  throat  had  given  way. 

The  mucous  membrane  of  the  mcuth  and  throat  was  normal,  rather  pale 
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than  red ;  the  tonsils  were  soaroely  swollen.  The  uvula,  hoteerer,  wu 
extremely  long  and  teas  aheolutelt/  immovable. — If  we  look  at  the  polite  in 
the  normal  state,  the  tongne  being  a  little  depressed  and  the  nose  dosed,  w 
that  respiration  mast  take  plaoe  through  tho  widelj-opened  month,  the 
palate  becomes  retracted,  and  the  nvula  is  at  the  same  time  usnallj  sheet* 
ened  and  elongated  alternately.  On  an  effort  at  swallowing,  which 
mechanism  succeeds  best  in  this  position  when  the  lower  jaw  is  steadily 
fixed,  the  soft  palate  ascends  still  more,  the  arches  oontraety  and  the  fint 
time  at  least  the  uvula  is  simultaneously  retracted.  About  the  same  is 
observed  on  every  effort  to  speak :  it  is  best  to  make  the  patient  utter  the 
sound  a  (as  in  art),  which  is  very  possible  with  wide-opened  month  sad 
depressed  tongue.  Still  greater  are  the  contraction  of  the  arches  and  the 
elevation  of  the  palate,  with  retraction  of  the  uvula  in  the  oommeneement 
of  the  vomiting  movement,  which  occurs  on  tickling  the  phaxrnx  witii  a 
fine  feather.  Now,  in  all  these  experiments  the  uvula  of  our  patient 
remained  equally  long  and  immovable,  the  ascent  of  the  palate  was  veiy 
limited,  and  the  pharyngo-staphyUne  arches  approached  each  otiier  but 
slightly.  Evidently,  therefore,  the  azygos  uvuIsb  was  paralysed,  and  the 
other  muscles  of  the  palate  were  more  or  less  affected  by  paralysis. 

With  respect  to  speech,  a  double  abnormity  presented  itself,  namdy, 
epeaking  through  the  noee,  and  the  accompaniment  of  many  sounds  with  a 
rattling  or  snoring  acceaeory  eound.  The  rattling  sound  was  evidently 
dependent  on  a  quivering  of  the  uvula  which  had  come  into  contact  with 
the  root  of  the  tongue,  and  it  was  strongly  heard  with  particular  oonsonantf, 
as  well  as  with  the  vowel  a  (as  in  able). 

The  speaking  through  the  nose  was  in  itself  a  proof  that,  in  consequence 
of  the  paresis  of  the  soft  palate,  the  nasal  cavity  was  not  closed.  The  nassl 
sound  was  most  strongly  heard  in  the  pronunciation  of  o;  but  with  til 
vowels  it  existed  more  or  less,  and  it  was  also  audible  with  all  the  soft  con- 
sonants. (I  use  here  tho  terms  employed  by  Dr.  R.  Lepsius.  St^xndard 
Alphabetf  etc.  London,  1855.)  Moreover,  the  communication  with  the  nose 
in  the  pronunciation  of  each  vowel  was  shown  by  the  movement  imparted  to 
the  down  of  fine  feathers,  when  this  was  kept  under  the  nostrils  upon  a  sheet 
of  paper  held  against  the  upper  lip.  Also,  in  the  compression  of  the  al» 
nasi,  the  slight  descent  of  the  tone  in  each  sound,  as  well  as  the  increase  of 
the  nasal  sound  was  distinctly  established.  Lastly,  the  impeded  or  retarded 
movement  of  the  palate  appeared  from  the  impossibility  of  giving  a  soft  pro- 
nunciation to  the  explosive  consonants.  These  consonants  are  uttered  hy 
closing  the  opened,  or  opening  the  closed,  mouth.  On  closing  between  the 
lips,/?  is  uttered ;  on  closing  between  the  anterior  part  of  the  tongue  and  the 
anterior  part  of  the  hard  palate,  t  is  pronounced ;  on  closure  between  the 
more  posterior  parts  of  the  tongue  and  palate,  k  is  expressed.  If  at  the 
same  time  we  make  the  voice  ring,  p,  t,  and  k  give  way  to  the  soft  con- 
sonants 6,  df  and  g  (as  in  game).  Now,  to  produce  these  sounds,  the  nose 
must  be  shut  off  from  the  throat  If  this  separation  be  wanting,  we 
produce,  instead  of  h,  rf,  and  g,  the  resonants  m,  w,  and  ng.  This  appeared 
to  be  actually  tho  case  in  our  boy :  a  soft  explosive  consonant  at  the  end 
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of  the  word  gave  way  to  the  corresponding'  re^onaDt.  English  words,  whose 
exploaive  sounds  are  expressed  also  at  the  ends  of  the  words  with  a  ring- 
ing voice,  h^st  ilimstrate  this,— for  oxarople,  rub,  head^  and  effg.  Now,  if 
R.  tried  to  pronounce  these  words  weO,  he  invariably  said  rum,  ken,  and 
em/  ;  or,  rw/«p,  ht'fit,  and  enk.  Even  fifter  having  heard  how  much  these 
sounds  differed  from  the  required,  rup^  het^  and  ek  were  sometimes  elicited. 
But  it  was  only  necessary  to  impreaa  upen  Kim  that  the  final  consonant 
should  be  expressed  with,  a  ringing  voice,  and  tlieu  it  again  became  each 
time,  ri//fl,  hen,  and  entj.  If  the  soft  explosive  consonants  were  not  at  the 
end  of  the  words,  their  sound  was  cbaTacteristically  heard,  hut  yet  it  began 
with  the  resonant;  band  was  prooDunced  unhand,  door  as  »door,  give  as 
nygive.  On  the  contrary,  scarcely  any  deviation  was  perceptible  in  the 
pronunciation  of  the  hard  non-ringing  explosive  consonants,  ih  /,  and  k,* 

•  I  formerly  paid  much  attention  to  the  subject  of  articulation ,  and  was 
therefore  in  a  position  to  observe  accurately  the  phenomena  connected  with  that 
function.  They  often  give  the  first  indication  to  the  oculist.  I  may  therefore 
be  allowed  here  briefly  Xo  explain  them.  When  after  a  vowel,  pronounced 
through  the  nose,  the  soft  explosive  consonant  is  to  follow,  the  noee  must  be 
completely  separated  from  the  throat,  at  the  same  moment  aa  the  cavity  of 
the  mouth  between  the  Ii[J8  (with  &),or  between  the  tongue  and  palate  (with 
d  and  g)  is  closed.  If  the  separation  does  not  take  place  at  the  same  time, 
we  hear  the  resonants  m^  n  and  nf/^  in  place  of  the  explosive  consonants  5,  t/, 
and  ff.  For  the  mechanism  is  precisely  the  same  for  both^  except  tfiat  in  the 
resanants  there  is  a  continuity  between  the  cavity  of  the  nose  and  that  of 
the  throat,  which  is  wanting  in  the  explosive  consonanta.  Now  if  there  be 
paresis  of  the  palate,  in  the  articulation  of  the  vowels  the  nose  is  not  com- 
pletely closed,  and  it  is  evident,  that  on  the  effort  immediately  after  to  pro- 
duce a  soft  ringing  ex|dosive  consonant,  the  complete  closing  follows  either 
not  at  all,  or  at  least  too  late*  Instead  of  ruh^  head^  and  egg^  we  therefore 
hear  in  our  patient,  rum,  hen,  and  eng.  On  increased  exertion  they  become 
mmpj  henty  enh  (properly  rngk  —for  the  n  before  k  is  always  ng)  :  the  hard 
explosive  consonant  is  added.  The  mechanism  nf  this  last,  in  fact,  presents 
no  difficulty.  After  the  sound  of  the  voice  has  ceased,  the  closing  of  the 
month  needs  only  to  be  interrupted  by  some  impulse  of  air,  to  make  the  hard 
explosive  csonsonants  heard.  The  nose  indeed  remains  open,  but  the  sound 
of  an  explosive  consonant  ia  with  a  non-ringing  voice  much  stronger  than 
that  of  a  resonant,  and  therefore  we  hear  the  first  distinctly,  the  latter  not 
so.  Hence  it  will  be  understood  that  our  patient  had  no  difBciilty  in  pro- 
dnoing  rup^  het,  and  ck.  For  this  the  voice  needed  only  to  be  brought  to 
silence  immediately  after  the  rowel,  then  the  resonant  was  not  heard,  and 
the  interruption  of  the  closing  of  the  mouth  caused  the  hard  explosive  con- 
sonant to  be  heard.  If  it  be  asked,  lastly » why  the  soft  explosive  consonanta 
could  be  produced  better  at  the  beginning  of  a  word  than  at  the  end,  the 
answer  is  simply  that  in  that  case  the  closing  of  the  cavity  of  the  mouth 
And  the  removal  of  the  continuity  of  the  cavities  of  the  throat  and  nose 
needed  not  to  take  place  precisely  at  the  same  moment.  In  pronouncing 
handf  door^  &e.,  the  cavity  of  the  mouth  was  first  closed  and,  before  the  voice 
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The  semiparalytio  oondition  of  tHe  palate  led  me  to  suppoae,  tliat  iwil- 
lowing  also  would  not  take  place  regularlj.  When  questioned  on  tbe 
subject,  the  patient  stated,  too,  that  he  could  swallow  solid  food  onlj  vi& 
g^eat  effort,  and  that  in  drinking  he  was  obliged  to  proceed  slowly  tad 
oautiousljr.  Fluids  passed  very  readily  into  the  noee,  and  that  nsuUj 
gaye  rise  to  regurgitation  into  the  larynx,  and,  consequently,  to  cough. 

So  much,  as  yet,  \iith  respect  to  the  boy  B. 

Soon  after  I  had  an  opportunity  of  again  seeing  Miss  D.  The 
agreement  of  the  phenomena  relating  to  the  palate ^  speech,  and  deglu- 
tition, with  everything  noted  above  respecting  R.,  was  striking.  The 
rattling  accessory  sound  was,  however,  less,  and  she  complained  more 
of  the  secretion  of  viscid  mucus  in  the  tliroat,  which  there  was  much 
difficulty  in  removing. 

The  two  cases  here  described  kept  up  my  interest-  Tliere  could, 
it  seemed  to  me,  be  no  doubt  as  to  the  connexion  between  the  para- 
lytic symptoms  and  the  preceding  inflammation  of  the  throat. 
Further  investigation  appeared,  however,  desirable,  and  I  therefore 
repaired  to  Bennekom,  where  the  physicians,  Dr.  Thomas  and  Mr. 
Ketting,  with  the  greatest  readiness,  gave  me  all  the  infonnation  I 
requested ;  they  also  afforded  me  the  opportunity  of  examining  some 
other  patients,  in  wliom  secondary  paralytic  symptoms  had  manifested 
themselves.  The  first  four  cases  had  proved  fatal  in  the  acute  stage 
of  the  disease. 

III.  I  saw  in  the  first  place  (on  the  10th  of  Juno)  a  girl  aged  17,  who 
had  been  attacked  on  the  7th  of  April,  and  after  the  separation  of  oon- 
siderable  gangrenous  spots,  appeared  within  a  fortnight  to  have  recovered. 
I  heard  that  immediately  after  the  inflammation  of  the  throat,  a  slight 
lesion  of  speech  seemed  to  exist,  but  that  it  nevertheless  had  not  be- 
come considerable  until  a  fortnight  later,  that  then  for  the  first  time 
the  rattling  *sound  was  heard,  and  the  nasal  tone  of  the  voice  had  become 
really  distinct.  Moreover,  that  about  a  week  after  the  termination  of 
the  disease,  difficulty  in  reading  was  for  the  first  time  observed.  This  sym- 
ptom also  soon  increased ;  the  patient  had  always,  however,  been  able  to 
read  some  lines.  During  the  month  of  May  the  symptoms  connected  with 
speech  and  sight  remained  almost  unchanged.     In  the  commencement  of 

was  heard,  a  powerful  effort  was  made  to  close  the  palate  by  the  way  to 
the  nose.  If  this  in  great  part  succeeded,  a  sound  was  heard,  which  held 
the  medium  between  the  explosive  consonant  and  the  resonant,  or,  rather, 
because  the  closing  still  went  on  during  the  sound  of  the  voice,  it  was  as  if 
the  explosive  sound  was  preceded  by  a  resonant :  mband,  ndoor,  &o.  It 
needs  no  proof  that,  if  the  continuity  had  remained  equally  free,  at  the 
beginning  of  the  words  also,  in  place  of  the  explosive  consonant,  only  the 
resonant  would  have  been  heard. 
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June  tTident  improvement  took  place.  At  tbe  time  of  my  visUi  on  the  10th  of 
June,  the  movements  of  the  palate  were  normal ;  a  ritttliug  accessory  sound 
of  the  voice  was  no  longer  audible.  Yet  the  nasal  tone  was  uBualiy  still  per- 
ceptible in  the  pronunciation  of  the  vowels ;  rub^  head,  and  efft^  were  still 
heard  as  rump,  Itent^  and  t'Mt/k  ;  Bometiniea  rttb  was  well  pronounced  j  ftedd, 
never  ;  be  sounded  almost  alwuya  asi  pp  ;  if  the  nose  was  held  close  exter- 
nally,  she  could  aay  6«',  de,  and  tjt-  better. — The  power  of  aceommodation 
waa  still  far  from  having  attained  its  normal  range,  Myopia  existed  tibouL 
=  i'„.  The  neartfii  point  still  lay,  however,  at  6".  The  range  of  acconv 
itiodation,  therefore,  amounted  to  ^  —  /^  ^  rather  more  than  ,j ;  it  ought, 
at  the  patient*5  age,  to  have  amounted  to  more  than  J»  and  was  consetjnently 
reduced  hy  nbout  one-half.  There  fstill  also  existed  difficulty  in  continning 
reading  and  line  work.  On  the  whole,  tbe  symptoms  were  similar  to  those 
of  ordinary  asthenopia, — they  were  imly  »o  far  different  that  reading  was 
much  easier  when  the  book  was  held  somewhat  fuithtir  off,  Ktilex  and 
aowmmodative  movements  of  the  pupil  were  little  disturbed. — After  my 
Yiait  the  improvement  steadily  progressed.  On  the  lik  of  September  I 
received  from  Mr.  Ketting  tbe  following  report: — G,  v.  N.  again  sees  per- 
feotly  well  j  the  pronunciation  of  n/fi»  hemf^  and  cr/rf^  cannot  yet,  however, 
ht  called  quite  perfect.     Strengthening  regimen  and  treatment. 

Respecting  Miss  D.,  {the  patient  of  t.),  1  learned  here  that  sbn  came  under 
tre4itmeot  on  the  IJjtb  of  April,  that  thf  symptoms  were  in  every  respect 
moderate:  there  was  little  pain  io  the  throat,  there  was  hut  slight  frntfn",  nor 
was  there  much  swelling; — that,  Devertliekt.8,dipbiheritic  spots  had  npptared 
in  tlii^  throaty  that  in  this  ease  also  mineral  acids  were  employed,  whereupon 
separation  had  ensued,  and  the  patient  rapidly  recovered.  Jnthe  heginir-*ig 
of  tbe  month  of  May  she  returotd  to  Utrecht,  It  has  abovt?  (p  'A)U)  been 
stated  at  length  how,  some  time  subser^uently,  loss  of  the  power  of  accom- 
modation and  lesion  of  speech  and  deglutitiuii  had  apjHiared,  In  this, 
however,  improvement  gradually  occurred,  I  saw  heron  the  first  of  Sep* 
teinber.  The  rattling  sound  had  quite  disappeared;  the  uvula  was  easily 
moved;  deglutition  was  normally  performed.  The  vowels  bad  still  a  weakly 
iiosal  sound  ;  the  tone  changed  a  little  on  closing  the  nose  externally,  J?wi 
and  head  were  still  often  heard  as  rumb  and  hend ;  e^ff  was  brtter  pro- 
nounced.— The  accommodative  power  had  returned  :  on  accurate  optometrio 
investigation  the  nearest  point  was  found  for  both  eyes  at  o',  for  tbe  right 
eye  at  S'l",  for  tlie  left,  at  5-3',  Nor  was  close  work  attended  with  any 
inconvenience  whatever  ;  tbe  pupils  were  normal.  The  headache,  dulness, 
&c.t  had  quite  disappeared. 

lY.  Moreover  I  saw  a  boy,  aged  U,  who  had  been  attacked  on  the  lOtb 
of  April  with  violent  symptoms  and  with  great  swelling  of  the  external 
glands  of  the  neck.  At  tbe  end  of  three  weeks  he  had  recovered^  but  was 
still  feeble.  About  a  fortnight  later  the  lesion  of  speech  was  observed  ;  little 
complaint  was  mside  as  to  vision*  Meau while  be  was  and  continued  weak, 
and  about  a  month  after  his  illness  it  was  observed  that  be  began  to  run 
badly.  On  the  9tb  of  June  1  find  liim  a  pale,  emaciated  boy,  with  sunken 
eyes,  somewhat  banging  under  jaw,  unhealtby  complexion,  and  a  painful 
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expratiaii  of  ooantenmiiee.    His  gait  is  tottering ;  in  running  be  often  hSk 
on  his  knees,  and  then  finds  diffieoltr  in  rising  np  again.    For  the  hit 
three  days,  too,  he  oonld  not  torn  in  bed ;  he  had  to  be  raised  in  order  te 
be  placed  upon  his  side.    At  the  same  time  he  eomplains  of  pain  in  & 
forehead,  iometinies  also  in  the  ne^.    AU  this  does  not  prerent  his  hang 
rtarj  eheerfnl  and  gay,  running  and  playing  about,  nor  when  among  Im 
oompanions  does  he  think  of  illness.    Nerertheleas  he  finds  chewing,  sad 
particnlariy  swallowinfr,  especially  of  iolid  food,   very   difficult;   thcR- 
fore  he  always  wishes  to  drink  with  his  meals,  the  morsel  inrariably  goet 
wrong,  the  water  comes  out  through  his  nose,  and  cough,  and  sometisMi 
nausea  and  Tomiting,  ensue.    In  fine,  he  gets  but  little  food  into  his  sto- 
mach.   His  Toice  is  strongly  nasal,  the  rattling  acicoaaoiy  sound  is  almoit 
constantly  heard, — ^in  a  word  the  lesion  is  the  same  as  that  abore  described 
at  length,  and  the  limited  moTement  of  the  palate  testifies  of  a  semiparalytie 
condition. — His  power  of  accommodation  is  less  interfered  with  than  wis 
the  case  with  the  other  patients.     He  lees  well  at  a  distance,  and  his  nesr- 
est  point  lies  at  QT.    It  ought  to  lie  at  4'  or  3*5^ 

Stress  was  laid  upon  the  necessity  for  nourishing  diet  and  tonic  treaU 
ment.  General  improvement  gradually  took  place.  On  the  7th  of  Septem- 
ber I  received  the  following  favourable  report :— *'  P.  ▼.  L.  is  again  at  sdiool; 
he  pronounces  rub,  head,  and  eg^  like  an  Englishman,  no  longer  totters  or 
falls  in  running ;  all  his  movements  are  easy  and  free ;  his  aj^ietite  is  better 
than  it  ever  was  before ;  he  sees  acutely  up  to  fi' ;  there  is  no  nausea 
whatever." 

Of  the  case,  communicated  under  ii.,  the  result  was  unfortunate.  The 
course  of  the  disease  had  been  violent,  and  was  combined  with  swelling  in 
both  the  throat  and  the  salivary  glands.  The  convalescence,  nevertheksSf 
appeared  to  be  progressing  favourably.  Soon,  however,  the  lesion  of  speech 
became  developed,  and  shortly  afterwards,  that  of  the  power  of  accommo- 
dation supervened.  In  other  respects  the  patient  now  seemed  to  be  perfectly 
well.  But  after  I  had  seen  him  at  Utrecht  (compare  p.  601)  weakness  of 
the  limbs  set  in  ;  the  arms  became  so  powerless  that  he  could  neither  strip 
nor  dress  himself.  The  emaciation  increased,  and  difficulty  of  breathing  not 
unfrcquently  occurred.  A  first  attack  of  violent  dyspnoea  subsided  favour- 
ably. Some  weeks  later  a  second  followed.  In  spite  of  all  the  stimulating 
remedies  employed,  the  breathing  became  rapidly  rattling,  and  the  patient 
died  with  symptoms  of  so-called  paralysb  of  the  lungs.  A  post-mortem 
examination  could  nut  be  obtained. 

Besides  those  here  communicated,  I  saw  a  few  cases,  in  which 
also  disturbance  of  vision  had  existed,  but  where  the  power  of  ac- 
commodation appeared  to  have  already  completely  returned.  It  is 
remarkable  that  in  the  epidemic  in  the  village  visited  by  me,  all  those 
who  had  recovered,  as  it  seemed  without  exception,  exhibited  para- 
lytic symptoms.  Subsequently  in  other  places  the  mortality  was  less, 
and  paralysis  much  more  rarely  ensued.     Nevertheless  the  number 
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of  those  who  applied  to  me  was  upwartls  of  thirty,  and  in  the  majority 
of  these  the  paresis  was  confined  to  the  palatu  and  to  the  arcoimno- 
dation.  One  case  I  had  seen  even  before  those  related  above.  It 
was  that  of  Miss  V,,  of  Weesp.  aged  twenty,  wlio  called  upon  me 
for  the  second  time  on  the  17th  of  June.  Beferriiig  to  my  note- 
book 1  read  lit-eralty  ; — "  Diminution  of  range  of  accommodation  ; 
qrmptoms  resembling  those  of  hebetudo ;  hypermetropiu  =  A ;  she 
has  also  bad  aphonia,  has  been  very  hoarse,  the  cavities  uf  the  nose 
and  tliroat  coinmnnicate  permanently — these  symptoms  were  deve- 
loped after  inflammation  of  the  throat,  with  gre^it  external  swelling, 
without  pain,  but  with  fever  and  distress/^  In  this  case,  too,  I  bail 
made  experiments  as  to  the  pronunciation  of  ditferent  !*oiiiids,  and  as 
the  patient  now  stated,  bad  found  that  she  had  diiBculty  in  pro- 
nouncing d,  h,  and  //  (in  game)  at  the  end  of  words*  But  at  that 
time  I  had  not  recognised  the  connexion  either  between  the  paralysis  of 
the  internal  muscles  of  the  eye  and  of  the  palate,  or  between  these  two 
and  the  preeechng  angina^ — and  therefore  1  had  retained  no  distinct 
recollection  of  the  case.  Now  she  had  completely  recovered,  with 
respect  both  to  sight  and  speadi.  Tlie  bypermetropia,  too,  liad  given 
uray.  Such  patients  apply,  it  appexirs,  to  the  oculist.  The  knowledge 
of  their  cases  is,  therefore,  important  to  him.  About  the  same  time 
Dr.  Fles  informed  me  that  he  had  been  called  at  Utrecht  in  con- 
sultation respecting  a  boy  who,  after  angina  (as  it  appeared  on  sub- 
sequent investigation,  iliphtherina)  was  attacked  with  paralysis  of  the 
palate  and  of  the  muscles  of  accommodation,  together  with  incom- 
plete ptosis  and  strabismus  divergens,  all  indicating  paralysis  of  the 
oculo-motor  nerve  \  nt  the  same  time,  want  of  power  of  the  lindjs, 
and  of  the  cervical  and  masticating  muscles,  had  occurred.  Only  the 
debility  of  the  iQuscles  of  the  limbs  remained ;  the  other  symptoms 
of  paresis  bad  nguin  disappeared. 

Among  the  cases  which  afterwards  occurred  to  me  there  were 
many  in  which  the  angina  ran  its  course  without  important  sym- 
ptoms, several  in  which  the  angina  w*as  not  recognised  as  diph- 
theria, and  yet  the  subsequent  paresis  of  accommodation  left,  I  am 
convinced,  no  doubt  upon  the  subject.  In  this  we  have  a  hint  to 
the  physician,  to  make  an  accurate  inspection  in  every  case  of  angina, 
even  when  the  symptoms  appear  to  be  of  slight  importance.  And 
let  the  oculist,  on  his  part,  never  neglect,  in  paresis  of  accomn^odation, 
to  inquire  whether  angina  has  preceded  the  attack  or  not.  It  is  im- 
portant for  him  to  ascertain  this,  both  in  a  prognostic  and  in  a  thera- 
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peutic  point  of  view.  As  to  the  former,  it  is  favourable;  for  in  all 
the  cases  which  occurred  to  me,  recovery  ensued,  in  one  instance,  not 
until  ten  months  after  the  attack  of  angina,  general  debility,  too, 
remaining  all  that  time.  We  must  not,  however,  conceal  the  fad, 
that  besides  the  case  given  above,  a  second,  as  we  were  informed,  ended 
fatally  two  or  three  months  after  the  attack. 

The  proximate  cause  of  this  paresis  after  diphtheria  has  not  been 
satisfactorily  explained.  Besides  the  contagious  character,  which  in 
this  first  epidemic  might  appear  most  distinctly,  and  was  also  qnite 
clear  to  me,  the  subsequent  paralytic  symptoms  also  show  especiaDj, 
that  the  so-called  angina  is  a  general  disease,  and  we  may  sap- 
pose  that  the  altered  blood-crasis  has  excited  a  secondary  morind 
process  in  the  central  organ,  which  becomes  the  cause  of  the  para- 
lytic symptoms :  pathological  anatomy  must  decide  the  question. 
Besides,  the  supposition  of  Bretonneau  deserves  consideration,  who 
looks  upon  the  paralysis  as  a  secondary  symptom  of  the  morbid 
poisoning,  to  be  compared  with  the  secondary  phenomena  of  syphilis. 
It  is  certainly  remarkable,  that  since  strong  cauterisation  of  the 
white  s})ots  in  the  throat  has  been  generally  adopted,  the  ratio  of 
mortaUty  has  become  more  favourable,  and  the  consecutive  j)aresis 
has  been  of  rarer  occurrence — as  if  the  absorption  of  the  matters 
fonned  in  the  local  process  was  in  truth  injurious. 

I  closed  my  original  essay  with  the  following  words  : — ''  As  to  the 
treatment  of  the  paralysis  after  angina  diphtheritica,  little  c^n  as  yet 
be  said.  In  every  typical  deviation,  which  we  encounter  for  the  first 
time,  reason  is  our  guide.  It  appeared  here  to  recommend  tonics — 
of  which,  in  general,  our  age  has  need.  Has  experience  also  as  yet 
expressed  any  opinion  ?  I  would  not  venture  to  assert  it.  It  has, 
however,  been  found,  that  with  nourishing  diet  (to  ensure  which, 
under  the  existing  difficulty  of  chewing  and  swallowing,  double  care 
must  be  taken),  combined  with  tonic  medicines,  complete  recovery 
has,  in  the  great  majority  of  cases,  been  the  result.^'  Now  I  may 
add  that  these  inferences  have  been  fully  confirmed  by  later  cases. 
Under  the  use  of  sulpliate  of  quina  combined  (the  digestive  organs 
being  in  a  normal  state)  with  small  doses  of  sulphuric  acid,  some- 
times also  of  prej)arations  of  iron,  and  with  due  attention  to  nutri- 
tious diet,  the  lesion  almost  invariably  gave  way  within  a  couple  of 
months. 

The  phenomena  of  paresis  after  diphtheria  have  been  ascribed  to 
general  debility.   This  explanation  appears  to  me  to  be  unsatisfactory  : 
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the  very  circumstance,  that,  besides  the  soft  palatcj  frequently  only  the 
aocommadatiou  ami  the  sphiucter  iridis  have  suffered,  must  lead  us 
to  suspect  the  existence  of  a  special  process.  It  is  trae  that  after 
considenible  loss  of  blood,  and  after  exhausting  diseases,  the  aceom- 
tnodation  is  often  seriously  affected,  tbat  then  in  the  shghtest 
d^rees  of  hypermetropia,  and  even  in  emmetropia,  symptoms  of  asthe- 
nopia are  not  unfrequcnt ;  but  in  such  cases  the  whole  muscular 
system  also  exliibits  a  proportionate  condition  of  debility.  After 
diphtheria,  on  the  cootrary,  we  often  observe  the  want  of  pro- 
portion in  this  respect.  If  individuals  are  sometimes  weak,  there 
are  others  who  feel  perfectly  well,  have  resumed  their  work  and  run 
for  hours,  while  the  paresis  of  accommodation  continues.  They 
complain  of  nothing  else  than  lesion  ot  vision,  and  for  it  apply  to  the 
oculist,  further  information  we  can  expect  only  from  anatomical 
investigatioDi  the  opportunity  for  which,  fortunately^  rarely  presents 
itself. 
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SPASM    OF    ACCOMMODATION. 

§  48.  Myotics  jlkb  Mtosis. 

Thb  year  just  elapsed  has  put  as  in  possession  of  a  myotic,  wh 

immediately  proved  iif^U  an  able  opponent  of  the  best  mydriatic 
It  IB  the  OTikal  bean  of  old  Calabar^  obtained  from  the  PitfsmtujA 
venenomtm  (Bttlfonr),  belonging  to  the  Legnminosm.     This  reme 
haa  at  once  su[>erseded  all  myotics,  before  tried  or  recommeiided 
such.     The  preparations  so  far  known,  and  sent  txj  me  arc^-a  i 
brown  alcoholic  extract,  two  sorts  of  paper,  brown  and  violet  (pn?- 
pared  according  to  Streatfeild's  method) »  and  two  solutions  of  ( 
extract  in  glycerine,  a  weaker  c  and  a  stronger  </•     On  the  last 
read — "  1  Minim  equal  to  4  grains  of  Bean," 

Among  the  principal  phenomena  observed  after  the  applicjition  ( 
these  agents  to  the  conjunctiva,  contraction  of  ths  pupil  and  ip 
of  accommadaHmi  are  the  most  prominent. 

The  first  effect,  immediately  after  the  application,  is  a  brief  irrib 
tion ;  upon  tliis,  after  the  lapse  of  four  minutes,  slight  spasms  sup< 
vene  in  the  lower  eyelid.  The  contraction  of  the  pupil,  and  almo 
simultaneously,  the  spasm  of  accommodation  now  follow^ 

The  canfraciion,  after  a  sufficient  dose  (J  drop  of  c\  diluted  or  no^ 
with  water),  coram ences  after  from  five  to  ten  minutes,  attains 
maximum  after  from  thirty  to  forty  minutes,  at  wliich  it  rema 
only  a  short  time,  tlimiuishes  slowly  after  tliree  hours,  and  disapp 
entirely  in  from  two  to  four  days,  occasionally  being  replaced  even  by 
some  dilatation.     The  whole  process  is,  therefore,  more  rapid  than 
that  of  tlie  etfect  of  atropia,  probably  in  consequence  of  a  greater^ 
power  of  imbibition.    The  subjoined  Figures  170  and  171  (comp 
those  of  the  action  of  atropia  at  pp.  685  and  586)  indicate  the  oou 
of  the  contraction  in  Mr.  Hamer.    Fig.  170  extends  over  two  honrsj 
Fig.  171  over  three  days.   The  action  was  moderately  strong,  and  i 
almost,  painless.     The  pupil  I  measured  with  the  ophthalmometer^ 
always  with  equal  illam\\ml\QU,^it\^\^\T^tVie.^>i^^ 
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With  respect  to  the  contraction  and  the  phenomena  connected  with 
it  the  following  are  to  be  noted  :— 

a.  The  diameter  of  the  pupil  becomes  still  le^i  (from  IJ  to  2  mm.) 
than,  in  the  normal  condition,  with  the  strongest  light  which  can  be 
borne  and  with  the  most  powerfnl  accommodation  (von  Graefe), 

L  The  influence  of  the  light  does  not,  however,  cease :  one  can 
easfflj  observe  in  himself  particularly  the  consensual  contraction, 
employing  the  entoptic  method,  by  closing  and  opening  the  other 
eye  (compare  p.  197),  as  von  Graefe  also  did*  The  movements  are 
slow ;  tlie  consensual  contraction  lasts  three,  the  consensual  dilata- 
tion lasts  four,  seconds  (compare  p.  573).  Moreover,  the  pupil  at 
the  same  time  often  appears  to  be  somewhat  angidar*  It  is  in  the 
middle  like  a  crape,  and  has  a  tolerably  sharply  circumscribed,  tnore 
rtrongly  illuminated  diffuse  border  {Fig,  172  A),  which  on  conscn- 
Rual  contraction  is  broader  (B),  and  has  a  dark -green  tint,  while  the 
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middle  of  tlie  surface  appears  yellow.      (In  tJie  eatoptic  < 

Fig-.  ITl. 


tlie  figure  is  seen  inverted,  but  it  is  here  (Fig.  1 72)  invoted, ; 
thertfore  gives  the  true  form  of  the  pupil  for  the  left  eje), 

c.  Especially  in  the  commeucenieut  of  the  contraction  involunli 
spasmodic  vihratioius  occur  in  the  diameter  of  the  pupil. 

d.  The  Ulumination  of  objects  ia  feeble,  with  an  unusual  browntsli 
tint  (Bowman).     The  effect  is  similar  to  that  of  solar  eclipsesi, 
which,  notwithstanding  sunshine  with  its  usual  strongly  contrastii 
diadows,  the  light  is  unusually  feeble.     If  the  instillation  has  1 
perfonned  on  only  one  eye,  the  great  difference  in  illumination  is  1 
seen  on  doubling  the  image  by  a  prism  (compare  p,  183), 

€.  The  circles  of  diffusion  of  a  point  of  light,  situated  beyond  the 
disfance  of  distinct  vision,  liecome  less  the  smaller  the  pupil  is, 
and  vision  therefore  becomes  much  le^s  ditfuse  beyond  the  limits  of 
accommodation. 
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f,  Aft^r  the  disappearance  of  the  myosis  the  pupil  sometimes  be- 
ooines  somewhat  larger  than  before. 

Fig.  172. 


The  ipawk  of  accommodation  appears  from  tlie  altered  position  both 
of  the  farthest  (Figs.  170  and  171  rr)  and  of  the  nearesiit  {p p)  point 
of  distinct  vision,  drawn  above  the  absciss  a  a.     The  said 


curves 


exhibit  the  whole  course  of  both.     We  have,  moreover,  to  note  the 
following : — 

a.  In  the  determination  of  the  farthest  point  clonic  spasms  of 
accommodation  alternately  arise,  so  that  objects  appear  with  the  same 
glass  (at  a  distance)  alternately  distinct  and  diffused.  Now  the 
pointa  of  the  curve  r  r  correspond  to  the  moments  of  relaxation.  In 
an  hour  after  the  employment  of  the  myotic,  the  accommodation  is 
again  completely  mider  control.  The  curve  r  r  shows  further,  that 
with  a  moderat^i  dose,  pain  being  virtually  absent,  the  farthest  point 
has  still  approached  the  eye  from  56''  to  7"'3,  that  is  to  nearly  two- 
thirds  of  the  absolute  range  of  accommodation,  originally  present. 

b.  The  determination  of  the  nearest  point  was  etTected  with  the 
aid  of  the  most  perfect  optomctrical  instruments.  The  course  of  the 
points,  as  shown  by  these,  is  very  satisfactory.  In  an  earlier  experi- 
ment of  Mr.  Ilamer  the  action,  after  the  application  of  a  piece  of 
Calabar  paper  too  strongly  impregnated,  was  much  more  violent,  the 
painful  spasms  lasted  more  than  six  hours,  and  the  pain  increased  so 
much  on  endeavouring  to  accommodate,  that  the  idea  of  deterinining 
the  nearest  point  was  given  np. 

€*  The  figures  show  that,  with  diminution  of  the  action^  the  range 
of  accommodation  is  absolutely  increased,  most  considerably  after 
about  lOQ  minutes  (Rg.  170},  and  that  this  increase  diminishes  onlj 
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slowly  (Fig.  171)*  Ln  a  previous  mvesiigatioii  an  iocreased  niu^ 
of  accommodation  was  found  also  at  the  commencement  of  the  actkn, 
the  influence  on  the  nearest  point  being  in  the  first  period  greitff 
than  on  the  farthest.  In  the  obsenratioii  represented  by  Fig.  170, 
rather  the  opposite  took  place, 

d.  Tlie  great  effect  upon  the  accommodation  with  alight  tmpiilfleq 
the  will  i3  very  important,  Thia  ia  still  strongly  felt  when  the  faith 
point  haa  again  returned  nearly  to  its  original  position  :  105  imoo 
after  the  application,  the  point  of  distinct  >ision  by,  with 
vergence  to  10',  for  the  right  eye  naturally  at  10';  for  the  left,  on  I 
contrary,  at  4"*5,  thus  nearly  attaining  the  absolute  aeoresi  poiat ;  i 
the  lapse  of  three  hours  and  a-half,  the  said  point  lay^  with  simikr 
convergence,  at  S-^G  j  after  nearly  aeven  hours,  at  6'*2  ;  after  rather 
more  than  eleven  hours  at  S^'S ; — and  so  long  as  the  range  of  a 
modation  remained  greater  in  the  left  eye,  some  difference  in 
modation  continued  perceptible  also  with  equal  convergence  of  the  two 
eyes,  (It  was  determined^  what  negative  glass  the  eye  which  had 
undergone  instillation  must  have  before  it,  in  order,  in  looking  at  10* 
and  with  rapid  alternation  pushing  the  hand  before  each  of  the  eyes, 
to  obtain  equfd  sharpness  of  letters  and  of  optometer- wires.)  The 
relative  accommodation  has,  therefore,  approached  to  that  of  hyper- 
metropes  :  much  accommodation  with  slight  convergenoCj — the  re- 
verse of  what  is  met  with  nnder  the  inMuence  of  atropia. 

€,  Ln  the  condition  described  under  *?,  the  determination  of  the 
nearest  point  with  horizontal  and  vertical  lines  presents  morr 
difference  than  uaual  (Bowman)*  This  apparently  exalted  astigma- 
tism is  certainly  in  part  dependent  on  the  greater  diOerencc  in 
refraction  with  diflereoce  of  convergence  (compare  p.  451). 

J\  So  long  as  with  a  given  tension  accommodation  takes  place  for 
a  shorter  distance  than  usual,  objects  appear  larger  (macropia),  just  as 
in  the  opposite  case  (compare  p.  587)  they  appear  smaller  (micropia). 

g.  The  increased  refraction  on  relaxation  usually  lasts  in  any  percep- 
tible degree  only  an  hour*     With  a  very  large  dose,  which  producer 
.  persistent  and  violent  pain,  it  may  last  many  hours.     With  a  small 
doae  considerable  contraction  of  the  pupil,  %vithout  any  very  pei 
tible  influence  on  the  accommodation,  might  be  obtained. 

Finally,  it  remains  to  be  stated :  that,  according  to  von  Graefe7 
1°  the  acuteness  of  vision  sometimes  diminishes,  particularly  in  the 
period  of  development  of  the  apaam,  probably  in  consequence  of  in- 
sufficient stabihty  of  accommodation,  in  any  case^  independently  of 
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want  of  light  frooi  constrictioii  of  the  pupil;  2""  that,  also  in 
efect  of  the  iris,  the  influence  on  refraction  and  ac  com  modal  ion 
I  remains  the  same* 

The  action  of  Calabar  is  not  equally  great  in  ail  animaU.  In  this 
respect  it  presents  much  analogy  to  Belladonna,  inasmuch  as  in  man, 
and  moreover  in  the  dog  and  cat,  a  high  degree  of  mjosis  is 
obtained,  even  with  small  doses,  while  in  the  rabbit,  as  in  birds, 

I  and  especially  in  amphibious  animals  and  fishes,  a  slighter  effect  is 
observed^  With  a  stronger  dose  too^  than  we  can  employ  in  man, 
still  stronger  rojosis  is  obtained  in  these  (von  Graefe).  Immobility 
^  the  pupil  we  could  not  obtain, 
■With  respect  to  the  mode  of  action,  similar  experiments  lead  to  a 
Jiike  conclusion  as  in  the  case  of  mydriatics.  As  to  transition  into  the 
aqueous  humour,  however,  von  Graefe  could  not  directly  satisfy  him- 
self from  the  myotic  action  on  instillation  into  the  eye  of  another 
animal, — After  repeated  strong  apphcation,  however,  it  succeeds,  if 
the  discharged  fluid  is  long  kept  in  contact  with  the  eye  into  which 
it  is  dropped. 

We  have  also  been  specially  engaged  in  the  investigation  of  the 
question,  by  the  intervenliiin  o/'  wfiat  nenyes  the  Calabar  acts. 

It  is  quite  evident  that  spasm  of  the  m.  sphincter  pnpillse  ensues. 
Indeed  the  high  degree  of  contraction  renders  paralysis  of  the  dilator 
muscle  alone  insufficient  to  explain  it;  and  the  increased  refraction,  in 
which  a  more  powerful  action  of  the  muscles  of  accommodation  is 
included,  puts  altogether  beyond  doubt  a  spasmodic  contraction  of 
the  sphincter  pupillse,  as  being  governed  by  the  same  nerve  as  the 
ciliary  muscle,  and  associated  with  it  in  its  action:  moreover,  accord- 
ing to  our  experiments  upon  rabbits,  after  division,  both  of  the  sym- 
pathetic nerve  and  of  the  trigeminus,  the  contraction  of  the  pupil 
under  the  influence  of  Calabar  still  increases  considerably.  The 
nerve  alluded  to  is  the  oculo-motor  nerve,  and,  more  especially,  the 
short  root,  which  this  nerve  sends  to  the  ciliary  ganglion*  It  is 
opposed  to  our  idea  of  the  similar  nature  of  all  nerve-fibres,  that  a  par- 
ticular substance,  as  Calabar,  should  have  on  some  fibres  a  paralysing^ 
on  others  a  stimulating,  and  still  more  a  tonic  stimulating,  influence. 
Consequently,  in  tliis  case  also,  we  prefer  to  assume  (compare  p,  500) 
an  action  upon  specific  nerve-cells  present  in  the  eye  itself.  With  a 
stimulated  condition  of  this  internal  cihary  system^  however,  as  we 
have  seen,  increased  action,  both  voluntary  and  reflex,  is  not  exchided, 
— quite  analogous  to  the  effect  of  strychnia  upon  voluntary  muscles. 


tie 


SPAS^f  OF  ACCOMMODATION. 


It  u  not  so  easjr  to  show,  how  hr  the  Calabar  exercasa  opoQik 
dilator  muBcle  also  the  opposite  inflofnoe  of  atiopia*     In  the 
plioej  it  certtiizily  does  not  give  rise  to  complete  paialTaB  d 
miiacle ;  for  after  long  and  repeated  application  of  Calahari 
lation   of  the    ^mpathetic   nerve  in  rabbits  and  in   dogs  timi 
«tiU    produced   some   dilatation  of    tlie    puptL       We   performed, 

iong  others,  the  following  experiment: — the  nemoM  trigraniniH 
was  diWded  on  the  left  side, — insensibility  of  the  ej*  aaj  ae- 
traction  of  the  pupil  ensued;  the  cenical  sympatbelie  tm^t  rf 
the  same  side  was  three  times  stimnlated^ — each  tiinis  thcie  Tifi 
dilatation  of  the  pupil ;  it  was  then  divided^ — the  pmpil  oppofcd  idj 
more  oontraeted  than  before  the  stimulation ;  in  both  eyes  CakW  (i 
drop  of  <f)  was  long  kept  in  contact, — after  eight  inmates  there  lu 
incipient,  at  the  end  of  fifteen  minutes  there  wa*    *  digest  cm- 

traction,  greater  on  the  left  aide ;  after  the  lapse  1 1  ^  .11  minuu^ 
there  were  spasms  of  the  extremities,  difficulty  of  breathing,  impend- 
ing suffocation;  artificial  respiration  was  kept  up, — ^foor  minutes  later 
death  ensued  ^ith  slight  spasms  of  the  Umbs ;  the  sympathetic  wai 
again  irritated, — dilatation  of  the  pupil  still  inTariabJy  foUoired. 
Thus,  after  slow  death,  in  consequence  of  poisoning  by  the  instilla- 
tion of  Calabar,  the  sympathetic  nerve  in  the  eye  is  still  excitiiUa 
Consonant  to  this  is  the  fact,  that  on  division  of  the  cerrical  sjm- 
pathetic  nerve,  before  or  after  the  employment  of  Calabar  on  both 
sides,  the  pupil  appears  smaller  on  the  side  on  which  the  nerve  is 
divided, — We  supposed  that  the  action  of  Calabar,  in  cases  of 
paralysis  of  the  oculo-motor  nerve,  would  elucidate  the  question  still 
farther.  In  differeut  quarters  it  was  observed  that  this  paralysis  did 
not  prevent  the  myotic  action.  In  a  first  case,  in  which,  in  the  ordi- 
nary investigatiuB,  the  pupil  appeared  absolutely  immovable,  some 
mobility  was  still  seen,  under  strong  incident  light,  in  observatioii 
with  the  ophthalmometer :  the  paralysis  was  therefore  not  complete,^ 
and  we  consequently  desisted  from  an  investigation  which  promised" 
no  certain  result.  In  a  second  case,  in  a  lady  aged  32,  there  was 
absolute  paralysis  of  the  whole  right  oculo-motor  nenT,  which  had 
set  in  gradually  six  weeks  previously,  after  repeated  complaints  of 
headache  for  four  years,  often  combined  with  erysipelas  of  the  right 
half  of  the  face ;  in  tliis  instance  the  strongest  incident  light  on  one 
or  both  eyes  gave  no  appearance  of  contraction  on  this  side.  The 
Calabar  employed  (the  extract),  however,  produced  contraction, 
as  strong  as  usual,  as  the  subjoined  figure  (173)  shows,  and  at 
the  sam^  time  somewhat  increased  refraction.     Now^  we  were  dis&p^ 


spasm  of  the  sphincter  muscle  is  at  the  same  time  in  opemtioM.  But 
such  local  spasiHj  where  there  is  coraplete  paralysis  of  the  trunk  of 
the  oculo-motor  nerve,  is  stDl  an  important  phenomenon  :  in  the  first 
placej  because  it  confirms  the  fact  that  the  Calabar  acts  by  direct 
contact ;  and  in  the  second  place^  because  this  action  cannot  well  be 
imagined  to  occur  otherwise  than  by  the  intervention  of  a  ganglionic- 
cell-containing  centre  in  the  eye, — Meanwhile  it  is>  on  other  grouuds, 
more  than  probable,  that  Calabar^  if  it  does  not  paralyse^  at  least 
lowers  the  action  of  the  sympathetic  nerve.  "UTicn,  in  fact,  by  a 
moderate  action  of  Calabar,  the  accommodation  is  brought  at  most  by 
half  into  tonic  tension,  the  pupil  is  already  narrower  than  with 
intense  light  and  strong  accommodation ;  and  this  half  takes  place 
without  the  sphincter,  which  continues  sensitive  for  reflex  and 
accommodative  impulses,  attaining  the  maximum  of  its  action  :  con- 
sequently, without  dimini^^hed  action  of  the  dilator,  such  strong 
contraction  is  not  explicable.  The  circumstance,  too,  tbit  the  con- 
traction of  the  pupil  continues  for  a  few  days  in  so  much  a  higher 
degree  than  the  spasm  of  accommodation,  is  in  favour  of  a  diminished 
action  of  the  radial  fibres,  and  consequently  of  a  lowering  influence 
of  the  Calabar  upon  the  sympathetic  nerve. 

There  was  no  evidence  of  a  special  action  on  the  trigeminus  and 
on  the  vaso- motor  nerves  of  the  u^s  ;  we  observed  oidy  that  on  the 
side  on  which  the  trigeminus  was  divided,  the  action  of  Calabar  was 
not  less  distinct  than  on  the  other  side. 

The  struggle  between  atropia  and  Calabar,  when  applied  simul- 
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ianeoualy,  or  soon  after  one  another,  b  remarkable.  When  applied 
togeihcTt  some  contractiou  of  tbe  pupil  and  spasm  of  acoommodaliaB 
fii^  occur,  as  the  effect  of  Calalmr.  The  spasm  of  accommoditiaii 
ttfll  continues,  when  the  actiou  of  the  atropia  on  the  iris  gains  tk 
upper  hand,  and  the  pupil  consequentlj  hecomes  wider.  Von  Graete 
in  particular  has  investigated  how,  when  employed  consecatirelj  to 
the  action  of  atropia,  that  of  Calabar  may  become  intercalated.  He 
showed  that  in  weak  action  of  atropia,  and  in  the  period  of  diei- 
uution  of  its  strong  action.  Calabar  is  cajmblc  of  tem|>orar3Y  con. 
stricting  the  pupil  and  increasins;  the  refraction^  and  that  after  ihr 
giving  way  of  these  j)hcnomena,  the  more  tcilious  airopia>prooe^ 
again  follows  its  regular  course.  We  were  particularly  desirotu 
to  ascertain  whether,  \\ith  ahsoluti^.  atropia-paralysiai  of  the  sphioctcr 
and  of  the  muscles  of  accommodation,  a  powerful  employment  of 
Cilabar  still  has  influence;  and  this,  in  fact,  we  most  distinct)? 
found  to  be  the  case,  observing,  moreover,  that  this  influence  irus 
«till  greater  upon  the  refraction  and  accommodation,  than  upon  tlic 
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diameter  of  the  pupil.     Fig.  174,  an  observation  on  the  eye  of  Mr.j 
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Miiller,  surgeon  in  the  navy,  furnishes  ati  example  of  this  :  accord- 
ing to  the  cross,  on  the  absciss  a  a\  137  minutes  after  the  applica- 
tion of  atropia,  while  j)  and  r  coincided  and  the  mydriasis  had 
attained  its  maximum,  Calalmr  was  dropped  in, — and  ten  minutes 
later  the  refraction  ascends  (rr),  accommodation  is  again  pre^*nt 
(j>p),  and  at  the  same  time  the  diameter  of  the  papil  is  a  little 
diminished.  In  a  second,  likewise  very  practised  observer  (Mr. 
van  Lecnt,  surgeon  in  ilie  navy),  the  effect  of  Calahar  was  on  the 
first  day,  and  particularly  on  the  second  day,  after  the  renewed 
application  of  atropia,  much  stronger  still.  Notwithstanding  that 
the  pupil  contracted  only  slightly,  he  could  each  time,  after  some 
rest,  read  for  a  few  momcDts  No.  14  of  Snellen^s  test-types  at  12"; 
and  the  nearest  point  was,  in  fact,  determined  at  ahont  from  14^  to 
16",  while,  on  relaxation,  his  usual  slight  hypermetropia  had  given 
way  to  erametropia.  After  the  cessation  of  the  action  of  the  Calabar, 
that  of  the  atropia  was  in  these  three  accurately  investigated  cases, 
after  fourteen  days  or  longer,  still  recognisable  from  the  wider  pupil, 
— in  itself  a  proof  that  the  mydriatic  had  been  strongly  applied. 
Hence  it  appears,  that  the  paralysis,  produced  by  a  specific  agent, 
may  be  overcoiue  by  the  effect  of  another  specific  agent,  even  in 
such  a  way  that  voluntary  action  again  becomes  possible. 

The  subjoined  Eigure  175  indicates  the  influence  of  atropia  on  the 
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]>upil,  fifty  minutes  after  the  employment  of  Calabar:  the  complete 
dilatation  of  the  pnpU  is  produced  evidently  somewhat  more  slowly. 
Bather  more  than  three  hours  later  Calabar  is  again  dropped  in  in 
the  same  person  (Dr.  Lam!).     The  existbg  hypermetropia  ofien- 


620 


SPASM  or  ACCOMMODATTON- 


tircly  gives  way,  for  a  short  time  spasmodic  mjopia  oocim^  and  witk  ^ 
convergence  uDdoubtedly  accommodation^  which^  howewfx,  jiiat»ii 
the  previous  c^m»,  is  not  peffcctly  under  ooDtrol,  and  after  a  fcvao* 
tnents  becomes  fatigued.    The  pupil  at  the  same  time  beoones  waub^ 
what  narrower  =  6*75,     On  the  following  day  H  is  agam  ^4;  tisj 
})upil  is  somewhat  movable.     After  seven  days  the  pupil  ^  6'S&; 
is  not  untQ  the  seventeenth  day  that  both  pupils  are  equals  —  4*S7- 
thns  less  than  at  the  conunencement. 

On  the  discovery  of  the  physiological  action  of  Oalabar,  it  (al- 
lowed as  a  matter  of  conriie  that  this  agent  should  be  tried  k 
various  anomalies.  In  the  first  place,  it  is  found  to  be  aseM  to 
lessen  the  inconvenience  of  atropia* mydriasis ;  and  aecofdti^  to 
V,  Graefe  the  atropia  process  may  be  shortened  by  a  ^stematic  em- 
ployment of  the  Cakbar.  How  far  it  may  lead  to  cui^,  or  at  least 
afford  permanent  benefit  in  paralysis  of  accommodation  and  in 
mydriasis,  in  which  its  use  had  already  been  suggested  by  Bobertson, 
experience  only  can  decide.  But  it  is  certainly  important,  that  in 
ordinarj^  paralysis  of  accommodation,  whether  self-existing,  or  con* 
nected  with  further  paralysis  of  the  oculo-motor  nerve  (in  cerebral 
mydriasis  the  effect  of  Calabar  is  found  to  be  entirely  absent), 
the  pupil  is  contracted  and  the  refraction  is  increased  by  Calabar;  in 
a  case  of  unilateral  paresis  of  accommodation  which  occurred  to  mc, 
and  which  very  much  interfered  with  binocular  vision,  the  inconve- 
nience was  completely  removed  by  a  glycerine  solution  diluted  with 
eight  parts  of  water^  used  once  daily.  Thus,  too,  the  myosis  con- 
nected with  the  weak  action  of  Calabar,  may  often  be  useful  in  manj 
cases  where  a  stenopeic  a[>paratu3  improves  the  sight  (compare  pp. 
128  eL  »€q,),  as  in  diffusion  of  light  (opacities  of  the  cornea,  &:c.),  in  ^ 
irregular  astigmatism  (kcratoconus,  luxation  of  the  Ions,  &c-) ;  (com-  H 
pnrepp.  553  et.  seq.),  further  in  aphakia,  especially  when  the  plane  of 
the  pupil  is  not  clear.  The  improvement  of  the  acnteness  of  vision  in 
ordinary  ametropia  is  indeed  remarkable :  precisely  with  very  weak 
action  of  Calabar  myopes  distinguish  much  more  accurately  at  a  dis- 
tance, and  hypermetropes,  nnder  the  double  advantage  of  smaller 
circles  of  diffiision  and  of  easier  tension  of  accommodation,  lose  for  a 
time  their  asthenopia.— The  great  question,  which  practice  has  to 
answer  is,  whether  Calabar  is  permanently  as  harmless  for  accom* 
modation  as  atropia  is,  and  whether  the  conjunctiva  will  perma- 
nently bear  itvS  repeated  apphcation*  Until  these  points  are  decided, 
the  future  of  Calabar  in  therapeutics  cannot  be  foretold. 


THERAPEUTIC  EMPLOYMENT  OF  CALABAR. 

I  have  now  to  add  only^  that  v.  Graefe  1ms  ailviintagt^ously  applied 
the  contraction  of  the  pnpil  in  glaucoma,  in  order  to  facilitate  the 
performance  of  iridectoniy,  and  that  in  his  opinion  the  alternating 
action  of  Calflpbar  may  probably  contribute  to  tear  a)Tieclii8B. 


The  want  of  an  efioieiit  myotio  wob  long  felt  in  ophthalmic  surgery.  But 
the  loDger  it  was  unsuppliedf  the  fe«hler  must  the  hope  of  tinding  such  have 
become.  It  is  true  that  ail  myotio  action  could  not  be  denied  to  the  agents 
which  were  formerly  placed  in  this  category  i  Semen  Sanfeonicura  (Hiraly), 
Daphne  Mezerenm  (Hahnemann )t  Nicotiana  Tahacom  (Heiae)^  Aconitum 
Napellus,  Secale  Comutuni,  &c. ;  but  their  stimulating  aolion  was  in  itself 
sufficient  to  forhid  their  employment  in  practice.  The  same  conclusion 
waa  arrived  at  by  myself  with  Dr.  Kuyper  {L  c.)  in  a  syatematio  inveatiga- 
tion  with  respect  to  nicotin,  conia,  extract  of  aconite,  and  digitaline ;  and 
Ad,  Weber  {Ferhandlmi^en  der  von  3  bk  6  SejitembeTf  1Q59|  tn  Iliidelber(f 
versammelten  Affffenarzte,  Berhn,  i860)  had  to  pay  the  penalty  of  an  attack 
of  keratitis  for  an  imprudent  application  of  digitaline  to  his  own  eye. 
Fresh  tobacco  kaves  appeared  to  be  somewhat  better  home.  Finaltyi  a 
aubcntaneous  injection  of  morphia,  in  which  von  Graefe  (Deutsche  KUnik, 
20  Aprilt  1861)  discovered  a  tolerably  powerful  agent,  not  only  for  contracting 
the  pnpilj  but  also  for  increasing  the  refraction,  was  also  oertainly  inap- 
plicable to  this  special  object,— In  the  Calabar  the  wished- for  agent  appears 
to  have  been  bestowed  upon  us.  The  general  effect  of  this  ordeal  Beau  had 
already  been  studied  by  Dr,  Daniell  (1846),  and  more  fnllj  by  Christison 
(1855) ;  Tan  Hasaelt  had  also  (1850)  found  myosis  to  be  a  principal  symp- 
tom  in  its  general  action^  when  Thomas  Fraser  {I>is$.  hiaug.^  defended  at 
Edinburgh  on  the  Slat  July,  1862)  discovered  that  its  local  application 
con  tracts  the  pupil »  and  Dr.  Argyll  Robertson  {Edinburgh  Medico- Chir- 
ur^al  Socivfyt  4th  Pebruary»  1863),  pointed  out  its  iuflnence  on  accom- 
modation, and  introduced  the  Calabar  as  a  new  remedy  into  ophthalmological 
practice.  Upon  this  followed  investigations  by  Harley  (conf.  Med.  Timen 
and  GazetU,  20th  June,  1863),  especially  with  respect  to  its  general  action, 
with  some  additional  remarks  by  Hulke ;  moreover  by  Bowman  and  by 
Soelberg  Wells  (Medical  Times  and  Gazette,  16th  May,  1863) ;  lastly,  by 
von  Graefe  {Deutsche  Kiinik,  186:i,  No.  29,  and  Archiv  f.  Ophthalmohgie^ 
B.  ix.),  Hamer  (Oenreskundtg  Ttjdschnjt,  July,  1863),  Rosenthal  (Archiv 
/.  Anatomic  und  Physiohgie,  Jolirgang,  1863),  and  Sohelske  (Kiinische 
MonaUUdtter  f.  Augenkvilkunde,  1863,  p.  380) ;  and^  in  concert  with  Mr, 
Hamer,  I  have  continued  them*  Our  object  was,  rather  by  tbe  accuracy 
than  by  the  number  of  our  experiments,  in  following  up  the  previous 
valuable  iuvestigatious,  somewhat  to  increase  our  knowledge  of  this  re- 
markable agent  The  principal  results  of  our  researches  are  comprised  in 
the  foregoing  pages. 
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f49.  9fABm  Of  Ki^xyomufynATtos. — Mtoris. — Pjonwi^  AcaaoD* ' 

We  have  to  distiDgitisli  diflenmi  fomui  of  sjiafln  ol 
tion.  ThMi  which  moot  freqiMnstly  oociira  is  ooihiiig 
eialted  tone  of  the  miudes  concerned  in  the  latter 
be&lthy  emmetropic  ejes  this  tone  is,  kee^g  in  view  tike  estnmij  I 
slight  dimioution  of  refraction  in  ntropia-pazaljess,  midoiibtallj  rerj 
triflbg.  On  the  other  hand^  we  have  in  h^permdropU  found  a  per- 
tnaneiit  tension^  which  wholly  or  partialty  conoeals  the  abnormal  coiidi* 
tion  :  it  can  exist  only  in  virtue  of  the  aeoomtnodation^  and  most  theRw 
fore  be  destroyed  by  the  paralysing  influence  of  the  atiopta.  The  in- 
cnaaed  tension  is  here  the  natural  result  of  the  persisteiit  effort  to  of  er- 
come  the  existing  anomaly  of  refraction.  In  amblyc^pes  and  asttgmatics 
where  the  same  sometime  occurs,  it  is  explicable  by  the  constant  en- 
deavour^ in  accommodating  for  the  nearest  point,  to  see  the  smaller 
objects  under  a  greater  angle.  It  is  less  evident^  how  myopes  ak) 
acquire  a  tonic  spasm  of  their  accoomiodation.  That  this  not  ua- 
frequently  occur?*,  especially  when  the  eyes  are  in  a  state  of  irritation, 
we  have  already  observed.  Dr.  Ties  now  informs  me,  and  I  readily  ^ 
believe  it,  that  he  met  with  this  condition  in  many  cases  in  yomigfl 
persons,  especially  in  boys,  who  had  been  prepared  for  an  examina- 
tion at  one  of  the  military  schools.  Partly  irritation  of  the  eye, 
reflected  on  the  accommodating  system,  partly  excessive  tennon 
of  accommodation  during  the  constant  work,  particularly  with  defec* 
tive  light,  may  be  the  cause  of  it.  It  is  invariably  the  paralysis  by 
atropia  which  reveals  its  existence.  In  young  children  under  thesisj 
circumstances,  I  have  seen  slight  degrees  of  myopia  give  way  even  to 
Iiypermetropia,  so  extremely  sensitive  is  their  play  of  accommodatioa* 

The  tonic  spasm  of  which  we  have  here  been  speaking,  seldom 
acquires  much  pathological  importance.  In  myopia  we  must  atteiirl 
only  to  the  accompanying  symptoms  of  irritation ;  in  h_vp<?rmetropia 
we  must  recognise  it,  in  order  to  direct  the  optical  treatmem 
accordingly. 

We  must  here  once  more  remind  the  reader,  that  von  Graefe,  where 
there  was  an  attempt  to  relax  the  accommodation,  thinks  that  he  has 
sometimes  established  the  existence  of  an  involuntanly  exalted,  and 
therefor©  spasmodic,  action  {compare  p.  351),  and  that  some  very 
•lightly  myopic  persons,  who  endeavoured  without  a  negative  glass  to| 
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see  the  fondos  oculi  in  the  iion-inveried  image^  have  complained  to 
me  of  something  similar. 

Of  the  acute  occurrence  of  myopia,  in  which  the  idea  of  spasm  of 
accommodation  naturally  suggests  itself,  we  find  some  examples  related 
by  the  earlier  writers,  which  Ruete  *  has  collected.  I  am,  however, 
not  convinced  that,  in  these  instances,  anything  else  than  amblyopia 
hid  occurred.  When  in  consequence  of  the  latter,  smaller  objects, 
■8  for  example  letters,  could  be  distinguished  only  when  near,  the 
existence  of  near-sightedness  was  often  inferred.  Generally  speaking, 
among  the  earlier  observations,  the  determination  of  the  farthest 
point  of  distinct  vision,  whereby  nevertheless  alone  the  presence  of 
myopia  could  with  certainty  be  proved,  is  omitted.  Acute  spasm  of 
accommodation,  such  as,  for  example,  is  produced  by  Calabar,  is  nn- 
doabtedly  very  rare.  1  myself  have  never  met  with  a  clear  case  of 
it,  and  this  may  excuse  my  scepticism.  My  task  is  confined  to 
quoting  those  few  cases  which  afford  satisfactory  evidence.  Yon 
Giaefe  t  conununicates  two  of  them. 

The  first  is  that  of  an  engineer,  in  whom  the  right  cornea  had  been  in- 
jured by  the  finger-nail  of  a  child.  When  the  irritation  consequent  thereon 
had,  after  some  days,  wholly  subsided,  the  patient  saw  indistinctly  with 
tfaifl  eye,  and  small  objects  were  multiplied.  The  pupil  was  of  normal 
diameter,  with  slow  and  slight  reflex-,  and  without  accommodative  move- 
Bent.  At  the  precise  distance  of  distinct  vision  the  polyopia  had  disap- 
peaied.  Accommodation  was  almost  entirely  lost,  and  the  eye  was,  at 
tiie  same  time  myopic :  with  the  naked  eye  the  patient  was  accommodated 
fv  Sk't  with  —  i  for  8',  with  ^  for  2^.  The  left  eye  had  the  usual  range 
of  accommodation,  and  was  about  emmetropic :  with  ^  vision  ranged  from 
S^to  9 1'. — The  ]Nitient  had  often  previously  satisfied  himself  that  both 
eyes  were  equal.  Cure  ensued,  and  indeed  very  rapidly,  after  Heurteloup- 
ian  abstractions  of  blood :  after  the  first  the  eye  accommodated  from  3^" 
to  5| ';  after  the  second,  from  4"  to  Sl'^;  after  the  third  the  accommodation 
was  nearly  equal  to  that  of  the  other  eye,  whose  nearest  point  lay  at  about 

4r. 

Perhaps  this  affection  is  to  be  considered,  as  von  Graefe  says,  as 
a  reflex  neurosis,  in  like  manner  as  injuries  of  sensory  nerves 
sometimes  excite  tonic  spasms  in  ordinary  voluntary  muscles. 

The  second  case  is  that  of  a  girl  aged  18,  with  painful  spasm  of  the 


•  Ruete,  Pathologie  und  Physiologie  der  Augen  und  Ohretiy  p.  262. 
t  Archivf.  Ophthalmologie,  B.  ii.  H.  2,  p.  304. 
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orlneular  moicle  [of  the  nght  fide3>  wluch  on  tension  of  the  ejdida^  i 
aompttmcA  B{Kmtanooi]s»l]r,  became  more  Tiaknt.     Tremnte  oo  tbr  i 
ctrbitiiJ  nenre  hfid  no  cflfect,  a  sliglit  picwore  on  the  fikeial  iicrw  in 
the  pun  and  the  apami,  strong  preasure  leaaened  both.     A  hrvd  i 
moUli  after  tho  application  of  leeches,  waa  followed  bj  aggisvitiflB  tf  v| 
■jmptoniJi,  with  disturbance  of  vision.     The  refraetioii  appeared  la  li  i 
oreaaodt  and  the  accommodation  to  be  rery  limited^  najmely  from  2|'  to  If. 
Tlie  Hj^ht  pnpil  waa  somewhat  narrower  than  the  left,  with  alight  n&»> 
and  without  an j  acconunodatiTe  mo^  ement.     The  left  eje  waa  normaL  t^ 
eodermic  employment  of  snlphate  of  atropia  behind  the  ear  wtm  at  fint  tt> 
lowtd  b^  no  improvement ;  but,  on  the  oontrarTf  the  autie  oooditioa  ti  ift 
re«pecta  waa  developed  alao  in  the  left  eye.    When,  on  the  third  dav,  bdl^ 
donna-sTmptoms  arooei  the  Bpaimi  and  pain  diminiahed,  and  on  inrma»  4 
\  the  intoxication  thej  entirely  oeaaed,  and  the  patient  coold  acoammote 
with  the  right  eye  from  51*  to  Hi',  with  the  left  from  5y  to  1"'.    Wm- 
ever  tha  iymptoma  rettrnied  when  the  employment  of  atropa  wa»  wt^ 
pended.    The  result  of  tho  caae  ia  not  communicated. 

Von  Graefe  sees  in  this  case  a  combination  of  spasm  of  tlie 
muscles  of  accommodation  (oculomotor  nerve)^  with  neurosis  of  the 
facial  nerve^  in  which  it  is  important  that^  although  we  cannot  idmit 
tbe  existence  of  any  connexion  between  the  nerves  mentioned|  the 
affection  increased  and  diminislied  pari  pauu  in  both. 

A  third  case  was  described  by  Liebreich.* 

Mias  F.,  aged  21,  complained  of  dazzling  before  the  left  eje;  ; 

on  exertion  and  neamghtedncss  had  set  in  a  year  before  after  cooataat 
work,  often  continued  at  night.  On  examination  it  waa  found  that 
parallel  visual  lines,  sight  was  acute  at  a  distance  with  ^^  ^  bat  that  ^ 
comToencing  convergence,  such  strong  accommodation  sopervened,  that  i 
then  nofdcd  even  stronger  negative  glasses  to  aee  acutely  in  the  point  <rf 
I  eonvergence,  until  6nally,  at  the  distance  of  6"  both  cjea  could  distinguiah 
I  aharplj  without  glasses.  As  the  existence  of  spasm  of  accommodatiaa 
hence  inferred,  atropia  was  repeatedly  dropped  in,  in  oonaoquence  of 
which  the  myopia  gave  way  to  hypcnnetropia  ;=  i-  Meanwhile  it  ap- 
peared further,  that  the  convergence  was  difficulty  the  possible  divergence 
particularly  great,  while  other  symptoms  indicated  insufficiency  of  the  mm. 
re€ti  intemi.  The  spasm  of  accommodation  might  be  connected  herewith; 
but  still  it  was  detomiined  fii-st  to  suppress  this  with  atropia  in  both  eyea, 
and  the  employment  of  the  remedy  was  continued  for  fourteen  days. 
When  the  accommodation  had  srubscquently  returned,  the  patient  seemed 
to  have  recovered :  the  spasm  had  altoorethcr  given  way,  and  even  with 
gltiflfie^  of  a'g,  which  were  prescribed  for  her,  distant  and  near  objects  were 
acutely  aeen,  and  work  was  continued  without  fatigue. 

•  ArthivJ.  Ophihalmolo0ie,  B.  Tiii.  H.  2,  p,  259, 
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R  was  evident  that  in  this  case  the  insufficiency  of  the  mm*  recti 

mteroi  had  not  been  the  immediate  cause  of  the  asthenopia.     But 

li^ht  not  the  spasm  of  accommodation,  with  the  long- continued 

sive  tension^  have  been  produced  by  the  effort  to  overcome  that 

[iciency  ?    It  is  extremely  remarkable  how  accurately  the  spasm 

]  observed  in  this  case  agrees  mth.  that  excited  by  Calabar :  by  it  too 

I  the  refraction  is  increased,  and  convergence  gives  a  relatively  too  strong 

I  tension  of  acoommodation.     The  diameter  of  the  pupil  is  not  given* 

The  c^es  here  communicated  may  suffice  to  illustrate  the  different 

forms  of  spasm  of  accommodation. 

We  have  still  to  speak  briefly  of  pain  with  tension  of  accommo- 
dation^ which  is  probably  combined  also  with  spasm.  At  p.  B89 
I  have  already  communicated  a  case  of  this  nature,  1  may  be 
allowed  here  shortly  to  relate  two  others. 

Mrs.  O.,  aged  29,  called  upon  me  in  October,  18of>,  complaining  of  vio- 
lent pain  in  the  eye  on  any  effort  to  see  near  objects^  wliicb  had  already 
existed  in  a  greater  or  less  degree  for  more  tlian  ten  yeare.  She  had  a  flat 
face  and  shallow  anterior  charahcr  of  the  eye.  The  pupils  were  amall,  Init 
movable.  The  nearest  point  lay  at  11",  the  farthest  at  oc  ;  upon  artificial 
mydriasis,  H  appeared  :=  f^.  The  acntenoss  of  vision  was  normaL  I  gave 
her  glajssea  of  J^,  believing  that  after  the  returo  of  the  acconiniodation  she 
would  ho  able  to  work  with  them  at  a  diatauce,— Some  time  after  she 
called  upon  me  again.  Her  state  had  continued  the  same,  and  the  speetaclea 
had  been  of  no  use  to  her.  Other  glasses  were  tried,  but  with  no  better  re- 
sult. A  derivative  treatment  wa^  also  adopted  quite  id  Tain,  I  dctemiined 
then  to_have  atropia  dropiK^d  in  for  some  time,  in  order  to  countc^ract  all 
tension  of  accommodation,  and  I  permitted  her  to  wear  light  blue  glasses 
of  ^  and  to  use  {  for  near  objecta.  Repeat-edly^  after  one  month,  two 
monthii,  kc.t  it  was  tried  whether  the  mydriatic  could  be  omitted,  llie 
results  of  these  trials  were  unfavorable.  But  at  the  end  of  six  months, 
she  observed  with  joVi  thiit  leaving  off  tlie  nse  of  atropia,  with  the  return 
of  accoramodationi  reading  without  glasses,  she  was  free  from  |>ain.  She 
now»  moreover,  occupied  herself  at  close  work  with  glasses  of  y'^. — When 
after  a  year-and*half,  a  relapse  oceurred,  the  employment  of  atropia  for 
three  months  was  again  sufficient  to  overcome  the  painful  spasm. 

In  this  case,  the  pain  is  much  more  promioent  than  spasmodic 
contraction.  Btit  what  suggests  the  idea  of  the  latter,  is  the  whole 
latency  of  the  hyperraetropia,  with  comparatively  slight  range  of 
accommodatioD.  At  the  time  of  the  relapse  the  patient  was  at 
Dresden,  and  she  consulted  me  by  letter.  I  should  have  been  glad 
then  to  have  exaniiuefl  her  anew,  particnlarly  in  order  to  satisfy 
myself  still  further  respecting  the  relative  range  of  accommodation. 

40 
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A  soecmd  cfL»e  of  this  nature  was  that  of  a  friend  of  Tuinc,  ^idkol 
an  importnnt  office  in  the  Kost  Indie*,  in  wlvich  be  hud  to  work  1 
tn  TOfOce  ohsenationH  with  optical  inatrumcnts.     During  hh  oh?<Tritisa%J 
ho  for  the  first  time  felt  ;minf  which  tnade  him  cautions-     Hii  i 
considered  to  \hi  hypcnrmia  of  the  retina.     On  readings  and  in  i 
hi»  obscTTations  the  pain  increased*     Examination  now  thawed,  tUi 
the  use  of  utropia,  hj^rmetropia  ^  /,  existed.     At  first  weak,  i 
utrong  convex  gltisses  were  given,  quite  in  vain,     Deriiunt*,  lecche»»  mi 
ireiirteloup*B    artificial   leeches   were  tried,  with  equul   want   of 
Ilea  III  ♦^  for  a  few  minutes)  produced  a  degree  of  pain,  which  c*jn 
him  to  delist     *rhh  state  had  alrcadv  latiti'd  for  a^Tcnr  and  a-half,  mdh 
return   to  his  native  country  was  spoken   of.     But  it  occtirrtrd  to  fSftm 
riibout  him,  thot  they  might  first  consult  me  by  letter,  for  wliieh  parpw 
»th  the  patient  and  his  oculist,  formerly  a  pupil  of  mine,  sent  roe  a  rm 
l4ctailcd  report,  dated  the  1 5th  February,  1861.  My  advice  waa : — ^fora  Hm 
I  to  employ  sulphate  of  atropia  (1  ;  120)  at  least  twice  a-week,  and  meoaitkib 
itinng  the  paralysis  of  acconimodation  thus  obtained,  to  make  "nam  it 
^different  distances  possible  by  means  of  different  convex   glasBCs,    Sornt 
nionthfl  later  1  received  the  report,  thot  **  the  atropia  treatment  had  in»>1amlT 
afforded  the  best  resultn.     Hope  revives  in  me,"  thus  wrote  the  patient, 
I  ••  that  we  shall  overcome  the  malady.     In  the  morning  I  can  already  worl 
[tolerably  steadily.     In  the  evening,  reading  or  writing  ineonTcmence*  air 
[  less,  but  I  do  not  yet  venture  upon  it,  in  order  not  to  retard  the  progrws 
of  my  recover}'.     Your  suspicion  that  my  hypcrmetropia  mi^ht  be  aiaft 
thim  ^,  is  not  coniimicd  ;  every  time  we  get  the  same  result.     I  now  use  ^ 
for  dii>taneo,  ^  when  sitting  at  table,  and  ^  when  at  work.     These  num- 
bers are,  however,  *  noniiniil  * — -(N.B.    They  are  the  numbers  of  Paettaad 
Flohr,  compare  p.  H5),  and  nre  too  greot : 

^  is,  properly  siH-aking,  J^; 

I  I  . 

T8  •♦  '»  n  * 

Tl  »•  '»  it' 

[  This  last  is  still  too  weak  when  I  have  just  dropped  in  atropia ; 

,  have  j'jj  and  ^  as  equivalent  to  j/*     Thus  mj  friend  wrote  to  me  (and,  a*  ^ 

evident,  he  was  moHter  of  the  subject),  on  the  3lst  of  Augiiat,  1861.    Tlie 
[hopeful  expectation  he  expressed  was  fully  justified  by  the  result,     Wl 
[ftfter  a  first  disappointment,  the  use  of  atropia  was,  a  few  months  lat< 
[far  the  second  time  $ii>i|K'nded^  the  pain  on  teni^ion  of  nceonunodation  i 
[Hot  return,  and,  so  far  as  I  am  aware,  no  disturbance  whatever  has 

recurred  in  making  observations,  reading,  writing,  or  calculating. 


This  case  scarcely  needs  any  comment.  It  shows  that  in  sliglj 
btiegrees  of  H  a  condition  may  he  developed  by  continued  tensid 
in  wliich  the  least  accommodation  for  near  objects  becomes  ve 
puiuful.  Spectacles  are  then  of  no  use^  because  with  the  convergeiM 
iavohmtary  accommodation  is  combined,  and  this  again  excites  the 
pain.     The  above-quotetl  observation  of  Liebreich  has  suggested  to 
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me  the  possibility,  that  iu  these  cvises,  just  as  in  Liebreich*s,  tension 
of  accomuioJntiou  too  strong  in  proportion  to  the  convergence  seta 
in.     S[>asm  of  accomniodiitiou  would  then  really  exist. 


NOTE, 

From  time  to  time  c(kse»  occur  of  extremely  eontracted  pupih  mjCMns, 
without  cwtsiblished  uuiditifulioii  of  rtrcommodutioii.  Usually  it  existe  in 
both  e^es,  a  rid  J  us  Mackenzie  Bays,  tlie  muall,  black,  round  pupil  is*  at  the 
saiue  thnc  •*  slow  in  iti*  fnotions,  f^ctircely  dilating  in  the  dnrk,  and  with  bella- 
donna/' In  the  highc»*t  degrets  not  only  floes  the  ncutenesi*  of  vision  suiter 
from  want  of  sufficient  light,  but  the  lie  Id  of  vision  in  ul«o  limit^^d  by  the 
thickness  of  the  margin  of  theim, — id  any  case  it  is  pcriphemlly  very  dark. 

Even  Plcnck  (De  morhis  oculorum^  1777»  p.  120)  distingnishcd  two  forms : 
myosiH  Bimstica  and  myosis  parah/tica.  Theoretically^  in  fact,  both  spasm 
of  the  s]^liinctcr^  and  panilysis  of  the  dilator  may  give  rise  to  myofis* 
Now  it  is  to  be  expected,  that  with,  spa^m  of  the  sjihineter,  the  acoommo- 
datiou  should  oftoti  be  affected,  which  ia  k'tsa  to  In?  anticipated  with  paralysis 
of  the  dlLitor.  A  case  probably  of  piiralylie  niifure  has  been  recorded  by 
Dr.  Felix  v,  Willebrand  (Art hie  fiir  Ophthalmohi}ii\  B.  L  i.  p.  *iH>),  in 
wkicii  the  cftu»e  of  the  myoniii  vim  sought  in  prcB«ure  on,  and  paralysis  of 
the  sympathetic  nerve  by  masses  of  swolku  lymphatic  glands  in  the  neek* 
with  the  diminution  of  which,  under  the  use  of  mercurial  ointment  with 
iodide  of  potiii^sium,  and  t)f  warm  alkaline  hatha,  the  myosis  and  the  dis- 
inrbanee  of  vision  depending  on  it  gave  way.  To  this  cloiis,  too,  a  ease  of 
myotds  appears  to  belong,  communicated  by  Dr»  Guirdner  to  the  Medico^ 
Chirurgical  Society  of  Kdinburgh  (see  *  Monthly  Journal  of  Medicine/  vol. 
%x,  p.  71,  1865),  in  which  an  aneurism  of  the  subclavian  artery  may  be 
supposed  to  have  compressed  and  paralysed  the  sympathetic  nerve  in  the 
neck.  The  want  of  an  antu^'onist  might  in  such  coses  lead  to  secondary 
shortening  of  the  sphincter. — ^The  narrow  pupil  met  with  in  infiammatory 
states  of  tlie  cornea,  and  in  connexion  with  intolerance  of  light,  must  eei^ 
tainly  be  considered  rather  as  the  result  ot  spasm  of  the  sphincter  muscle.  The 
same  is  probably  true  of  myosis  observed  in  \'ioIent  neuralgia  of  the  oplithuU 
mic  nerve  {Ruete,  Lehrhmh  ihr  OpJilhttlmolotjiet  18*53,  B.  i,  p,  328),  pai'ticu- 
Inrly  of  that  which  occurs  with  a  violent  attack  of  prosopalgia,  only  on 
the  affected  side,  of  wliieh  my  eolkogue  Prof.  Loucq  has  related  two 
Cftses  to  me.  It  will  be  important,  in  the  occurrence  of  such  cajies,  to  ascer- 
tain with  precision  how  far  the  nccommodation  is  implicated. 

Those  cuses  are  still  more  obscure  which  are  observed  to  be  attended 
with  permanent  headache,  especially  in  weak  cachectic  subjects,  with  tubes 
dorsalis  (conf,  Ilomberg,  Ncrvetikrarikheiten,  IL  i.  Abth.  3,  p.  6*i4),  and 
^^tb  diflcrent  cerebral  affections.  More  than  one  instance  has  occurred 
to  me,  where  I  could  diseover  nothing  with  respect  to  the  cause, — I  think 
I  have  remarked,  that  continued  close  w^ork,  at  tin  advanced  time  of  life, 
gives  rise  to  permanent  contraction  of  the  pupil,  and  slight  degrees  of 
myosis  may  find  their  explanation  in  this  fact. 
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AbGiratioiu  diromiye  mad  ipheric*!, 
450. 

AcromniodtiiioDt  in  the  eje.  proofa  of 
ihe  exiitence  of,  7  ;  cbang^  of  ihe 
diaptnc  ajstcm  of  the  eye  in,  10  ; 
mechaaisiti  of,  20  ;  r&ii^e  vi\  28,  72, 
llO;  i]«fecu  ot,SO,  dtitinUionor,  80; 
Cftuees  of  anomalies  of,  84;  disturb- 
aoces  of  tho  musclea  of,  84  ;  dia- 
gmmtDatic  reprcaeDtatioo  of  the 
ran^e  of,  90;  modificaiirkn  by  spec- 
tacles of  the  range  oC  1 45  ;  efieci^  of 
mvcroscopci^  and  teleseu[>e9  on  the, 
148;  moditicAiion  bj  spectacles  of 
tho  region  of,  l^O;  moditieatioQ  of 
the  range  of,  by  age,  204 ;  question 
of  the  existence  of,  in  aphakia^  319; 
spasm  of,  a  eaiu^e  of  intermittent 
tnjopia,  370;  p  »wcr  of,  in  mjopeir, 
391;  anomalies  of«  569;  inflaence  ot 
the  nerves  upon,  57ii ;  t-flVcts  of  m/dri  - 
atic*  upon  the,  584  j  morbid  pari^ljsis 
of.  591  ;  paresis  of,  after  diphtheridf 
599;  fpoifm  of.  610;  painfuL  022. 

AcutcUf'sBt  of  vhi  m,  modi  location  of,  bj 
ftfsc,  188,225;  determinatiou  of  the, 
189,  194. 

Aue,  modification  of  acuteness  of  Tision 
by,  188;  moditication  of  the  range  of 
accommodation  by,  204. 

Airy,  his  method  of  determining  the 
dcgr«;e  of  astigmatism,  4t^3  ;  «>ri  iis 
correction  by  cylindrical  gjiissea,5l0; 
on  the  discovery  of  astigmatism  in 
his  own  eye,  539. 

Alhazen,  on  the  eye,  re/trred  fa,  444, 

Ami'tropia,  definlrion  of,  82  ;  cUnical 
determination  of,  9fi;  by  jjla^cs, 97; 
with  thtj  ophtbulmosc  pe,  lOS. 

Ammoti  {von)  on  (he  ptotub§mntia 
scUralitf  385;  on  elongation  of  the 
visual  axis  447. 

Andreas,  on  the  motion  of  mu^ese  voli- 
tan  to  J,  re/errtd  /o,  202, 

Angina  di|ihtherina,  pare^if  of  accom- 
modation the  restilf  of,  287,  599. 

Aphakia,  dt^ticiition  of,  84,  309  ;  diag- 
floats  u\\  314;  selection  of  glu^^es  in, 
316;  question  of  the  existence  of 
Accommodation  in,  3 1 9 . 
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Bean,  Calabar — tee  Calabar  bean. 

Beer,  oa  asthenopia,  270  ;  on  the  here- 
ditary nature  of  myopia,  350. 

Belladonna,  history  of  the  influence  of, 
upon  the  pupil,  590 

Berthold's  m)  opodiorthoticon,  417. 

Besse),  theorefical  iuTediigatioas  of, 
referred  to,  38. 

Biconrex  lens,  refraction  by  a,  44  ; 
and  spherical  surface,  refraction 
thronab  a  compound  system  consist- 
ing of  a,  62. 

Binocular  vision,  yarious  writers  on, 
referred  to,  161,  note, 

Boebm  (Dr.  L.) ,  on  the  nse  of  blue 
glasses,  referred  to,  170;  on  asihe- 
nopia,  271 ;  on  the  treatment  of 
hypermetropia,  275  ;  on  the  use  of 
conTex  glasses  in  strabismus,  306, 
327 ;  on  the  hereditary  nature  of 
miopia,  350. 

Boerhaaye,  on  the  causes  of  myopia, 
446. 

Bonnet,  on  asthenopia,  270. 

Bowman  (Mr.),  on  the  retina,  4  ;  on 
the  mnscoJar  nature  of  the  ciUary 
ligament,  23  ;  on  glaucoma  simplex, 
S14,  note;  case  of  extreme  hyper- 
metropia, by,  258,  290  ;  on  sponta- 
neoDs  luxation  of  the  lens,  referred 
to,  310;  on  the  structure  of  the  optic 
nerye,  375  ;  on  the  detection  of 
regular  astigmatism,  490 ;  on  irid- 
de^is  in  conical  cornea,  re/erred  to, 
511;  on  double  iriddesis,  552,  and 
note ;  on  physical  alterations  of  the 
lens  as  causing  defects  of  Tision, 
554  ;  on  the  effects  of  Calabar  bean, 
612. 

Brachymetropia,  definition  of,  82. 

Braun  on  the  structure  of  the  retina, 
referred  to,  6. 

Brewster  (Sir  David),  on  the  refracting 
proportion  of  the  aqueous  humour, 
38  ;  on  muscsB  yolitantes,  203. 

Bruecke,  on  yi^ion,  5 ;  on  the  muscular 
nature  of  the  ciliary  ligament,  23; 
on  binocular  vision,  162  ;  dissecting 
spectacles  of,  229. 

Brussels,  asthenopia  among  the  lace- 
makers  of,  272. 

Budge  and  Waller  on  the  influence  of 
the  sympathetic  nerve  upon  the 
pupil,  577  et  teq. 

BnfTon,  on  the  cause  of  squinting, 
413. 

Buphthalmos,  a  cause  of  myopia,  370. 

Burow,  on  the  position  of  the  centre 
of  motion,  180  ;  on  myopia,  417. 

Calabar  bean,  useful  to  myopes  by  con- 


stricting the  pupil,  388 ;  prepara- 
tions and  action  of, '6 10;  nerves  on 
which  it  acts,  615;  antagonism  of, 
and  atropia,  617;  therapeutic  em- 
ployment of,  620. 

Card  an  us,  on  amorousness  of  myopes, 
389. 

Cardinal  points,  39;  of  the  eye,  general 
indications  of  the,  62;  review  of  the 
position  of  the,  in  the  eye,  67;  use  to 
be  made  of  the  knowledge  of  the,  68 ; 
determination  of  the,  in  astigmatism, 
475. 

Carron  du  Villards,  on  asthenopia, 
272. 

Cary,  the  optician,  aware  of  the  con  ec- 
tion  of  astigmatism  by  giving  an 
oblique  direction  to  suitable  glasses, 
456. 

Cataract,  varieties  of,  226  note;  on  iri- 
dectomy in  operating  for,  316:  ex- 
traction of^  a  cause  of  astigmatism, 
553. 

Centre  of  motion  of  the  eye,  179. 

Centre,  optical,  49. 

Chorioidea,  atrophy  of  the,  in  myopia, 
354 ;  Existence  of  muscular  fibres 
and  of  ganglionic  cells  in  the,  381, 
note;  576. 

Chorioiditis  disseminata,  occurrence  of, 
in  myopia,  360. 

Chromatic  aberration,  450. 

Ciliary  ganglion,  existence  of  ganglio- 
nic cells  in  the,  576. 

Ciliary  muscle,  the,  23. 

Ciliary  t»ystem,  function  of  the,  575. 

Coccius,  on  the  formation  of  pigment 
in  myopia,  referred  to^  363;  on  the 
condition  of  the  retina  in  staphyloma 
scleroticae,  378. 

Concave  glasses,  135. 

Conjugate  foci,  42. 

Contraction,  direct  and  consensual,  of 
the  iris,  573. 

Conus,  glass,  of  Steinheil,  424. 

Convex  glasses,  135. 

Cooper,  Mr.  White,  on  asthenopia,  272; 
on  hypermetropia,  327 ;  on  improve- 
ment in  sight  in  some  cases  of  myo- 
pia by  giving  an  oblique  direction  to 
suitable  glasses,  511. 

Cornea,  conical,  a  cause  of  astigpnatism, 
550. 

Cornea,  fixity  of  form  of  the,  in  accom- 
modation, 15;  measurements  of  the 
radius  of  the,  89;  condition  of  the, 
in  myopia,  368}  influence  of  the,  in 
astigmatism,  459  ;  spots  on  the,  a 
cauae  of  astigmatism,  553. 

Corresponding  or  identical  retinal 
points,  law  of,  164 
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Cr«D«f,  on  ^nxMBflwdfttbii  in  die  eye, 

Cntcfietl,  Mr,,  on  iriddetl*.  r^irr§4  to, 

CrrttAlline  lent,  ch&oe^  of  fofs  in  tlw, 
in  srcommo<Utioo,  tO^  tb«  ffpectruia 
uf  the,  200  ;  condirioo  of  th«,  in 
Btf  opia,  369  ;  mode  of  cAlcuUdog 
tbe  part  pl&jed  hj  the,  in  aitigmfttisni, 
496. 
^  Cyrliti*— #M  KyklitiB. 
CJliailncAl  leDAei,  Q»e  of.  in  utjg- 
'mAliim,  501. 

Dixwio,  on  ibe  me  of  mjrdriitioi«  in 
i      ophthaJmin,  590. 
I  Bechale*.  on  mnACa  ToUtaotrft,  303;  on 

royopic  vision,  rt/errtd  (o,  3«9* 
Defects  of  refrftciioD  and  •ccomtnodft* 

tion,  80;  c&ojee  of  tbe^  B4,  86. 
Dc  la  111  re,  oa  polyopia  monocnlarifi, 

TtStTTtd  to,  549. 
X»(*ptfa,  e&timaiion  of,  158. 
liiagr&inmatic  eye*  the«  1T^< 
I  I^ietncbiteinf    von,    hW    qoettiofi     to 

K«plcr,  444. 
Dioptric  images  of  the  ey  e,  c«lcu1ation  of 

the  position  and  mo^itade  of  the,  70. 
iJioji tried  of  the  eye,  38. 
Dj  op  trie  fy^tem  ot  the  eye,  change  of, 

in  accommodation,  10. 
Diphtheria    fsucium,   paretia    of    ac- 
commodation after,  599. 
Dispersion,   phenomena  of,    in  aetig- 

mattsm,  473. 
Difttnnce,  determination  of  focal,  140; 

ratimatioii  of,  153. 
Diipiiy,  on  dimitmtion  of  the  pnpO  after 

exurpatlon  of  the  first  ganglion^  578 

Elasticitj  of  the  lens*  2K 

Kmmetrupitf,  definition  of*  31. 

Emmetropic  ©ye,  the,  173, 

Eatoptic  observation,  197;  History  q£^ 
202. 

Epicnst^,  note  by  Professor  Hangbton 
on  the  term,  517. 

Eye,  mttficolar  elements  of  the,  23  ; 
dioptrics  of  the,  3Sy  refracting  s or* 
faces  in  the,  38;  general  indication 
ot>&rdiHal  potDts  of  the,  62;  calcu- 
lation of  the  position  of  the  principal 
pi*ints  in  the,  53;  the  emmetropic, 
173^  the  dlBgrammatic,  175;  centre 
of  motion  of  the,  179;  movements 
of  the,  1 79  ;  hypermetropic,  form, 
|>o«ition,  and  movementa  of  the, 
S44, 

Kyf>»,  dtfference  of  refraction  in  the  two, 
667 ;  various  modes  of  using  uneqaal, 
669. 


IMilEK. 


Faraigliledoeai,    incotreetnen  of  Ac 

tanii,S09. 
Faiigae,  two  tfonns  oC,  9S5 ;  tkeoriei 

of,  se7. 
Feclmer,  tm  biaoeolar  viiioB;  §^fimi 

fo,  161,  n6r«. 
Ficlu  on  the  movements  of  the  eye,  rt- 

/trrtd  <o,  180,  isole. 
Focal  difttaooe,  d^cenniiistaoii  oi^  IMi 
Foeal  iol«rral  ot  Stnnxi,  453. 
Foci,  conjugate,  42  i 

lion  of  ilie,  56;  r 

position  of  the,  in  the  l-jv    r 
FocttS,   principal,    ihc,  dciUied.  "  ,    i 

virtual,  135, 
Form,  esiimaiion  of,  15$. 
Franklin'i  glsosea,  13«. 
Fronmullcr,  on    '*  Mropi»    at  ■ 

Unce,"328,351. 
Fnmari,  on  the  absence   of  myofcs 

among  the  Kabylea,  MX. 

Ganglion*  ciliary,  preaence  of  gantli- 

onic  ccUs  in  the,  576. 
Qangliontc  cells,   preaenee  of,  in  ilic 

cborioidea,    and    in    the    orbicoiiu 

CLliari?,  576- 
Gati6s,  on  the  dioptrics  df  the  fyt, 

TtJtTTtd  (o,  38. 

Gendron,  on  the  ellipsoidal  Ggore  of 
the  myopic  eye,  447. 

Giratid-'Tetilon',  on  the  anomalies  of  in- 
fraction, r^trrtd  lo,  331. 

Glas^efi,  employed  tn  the  clinical  4e- 
tcrminaiton  of  ametropia,  97  ;  prts' 
mtitic,  lri2 ;  convex  and  concaire, 
135;  periscopir,  136  t  Fraokiia% 
138  ;  best  mAterialfoT,  139  ;  tnfinenot^ 
oft  on  vidion,  143;  green  and  bfi 
use  of,  in  moderating  the  light,  17i 
readin jf.  u»e  of,  229  ;  convex,  not  ii 
JtiriouB,  23  L 

GJiLiiooma,  nccesfity  for  iridectomy  bi^ 
235  ;  development  of,  with  higb  dc" 
greee  of  staphyloma  posticum^  402, 

Goode  (I>r.),  on  astrgmatism^  540. 

Graefo  (von),   on   prismatic 
in  strabifimus,   170  i  on  the 
ments  of  the  eye,  r^emd  Co,  li    ^ 
note  ;  on  asthenopia  muscnbris^  265/ 
on  Btrabbmas,  307  ^  on  congeniul 
aphakia,  310 ;  on  iridectomy  prepa- 
ratory to  operation  for  cataract*  Slf" 
on  accommodation  in  aphakia,  3; 
on  hypermetropia.  330  ;  optical 
strument  invented  h\\  335,  noU; 
myopia  at  a  distance,   351  ; 
frequency  of  utrophy  in  high 
of  myopia,  365  ;  on  the  limits 
field  of  vision  in  amblyopia,  r^eri 
to,  397  ;  cm  tenotomy  of  the  mi 
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Jus  rectus  exUrnup,  428;  on  the 
Ciiase  of  mjopia,  447  ;  on  the  mode 
of  action  of  mjdriMietf,  588. 
Qui,  his  rcfatAtion  of  SreliMrtg  von 
Can  on'*  theory  of  irregular  Mtigma- 
lUm,  ftjtntd  /o,  556. 

Hitan  (Dr.  Vroesom  deX  on  ibe  inJlu- 
eacu  of  age  upun  the  acuteness  ot 
vUion,  189. 

Haas  (Dr.  D.),  bypermetTOpia,  and  ac- 
commodatiuD  of,  241  ;  liisiorkjil  re- 
searches OD  hyperruetropift  and  its 
reiiullsi,  ttftrred  (o^  306, 

Hatniltoi),  c&se  of  abnormal  asligma- 
tism  by,  re/erred  to,  540. 

Happ^t  on  tlxe  anoniJiliBS  of  refraction, 
re/frredto,  331, 

Hanin^  (Prof.  P.),  on  the  microfico|ie» 
rejerrtd  io^  1 70. 

Hasncr  (run  Artba)i  iniitacioa  of  hU 
optometer^  115  ;  iin  ili«  anomalies  of 
reiraction,  refer  fed  (o,  331  j  od  the 
cftVct  of  social  position  upon  myopia, 
re/erred  (o,  34*2  ;  on  the  hereditary 
nature  of  myopia,  350  ;  on  atrophy 
of  the  retina  in  cbildLood,  361  ;  on 
ellipsoidal  form  of  ihe  eye  in  myopia, 
37L 

Haaghton  {R^v.  Profeasor),  Notes  hy* 
7,41,45,517, 

Hays  (J.),  ciees  of  astigmattBrn  Ap- 
pended to  the  American  edition  of 
Mr.  Lawrence*!!  works  by,  541. 

Helmholtz,  on  accomniodaiiorj  in  the 
eye,  re/erred  to,  13;  inventor  o I  the 
opbthaliuumcter,  1 7;  on  the  dioptrics 
of  the  tye,  referred  to,  38  ;  on  flatten- 
ing of  tb»  crystalline  lens  under  the 
ittfluenee  of  icnsioQ  of  the  zonnla 
ZinuSi,  369  i  on  the  phenonema  of  did- 
•persion  in  the  eye,  473;  on  the 
|Iiieratureof  normtil  irregular  astig- 
inattKin,  referrrd  to^  5r>6. 

HeB»(J.  A.)  on  **  presmyopia,*'  229, 

Hffundoupian  abstraction  of  bloody 
436,  note, 

Heyinann,oii  impresAions  of  the  ciliarj 
nerves  on  the  atrophic  sclerotic,  re- 
firred  to,  382, 

Hifflfy  (Karl),  discoverer  of  the  mydri- 
atic action  of  hyoseyamufl,  590. 

Uomocenirtc  light,  449. 

Ilomogf neons  light,  450. 

Hulke  (Mr.),  the  author's  obligationi 
to,  539, 

H)  osc ramus  nig cr,  mydriatic  action  of, 
584.* 

HyperraotTOpin,  definition  of,  82,  236  j 
acquisita,  204  ;  SubdiTisioua  of,  238  j 
pbenomciia  and  diagnosis  of»  251; 


treatmctit  of,  274;  prognoBis  in,  283; 

coj^e  of  extrvmc,  by  Mr.  Bcvwman, 

S90  ;  6trabtsmn(»  convergent,  the  re- 

ffitit  of,  291,  30€  ;  historical  remarks, 

rt^peciing,  325* 
Hypermetropic  eye,  form,  potition,  and 

movemenu  of  the,  244;  tendency  to 

aflymmotry  of  the,  255. 
Hyperopia,  term  proposed  by   Hclm- 

holtst,  331, 
Hyperpresbyopia.  term  employed    by 

Steliwag  von  Carion,  325. 

tdeniical  or  corrtisponditig  retinal 
points,  law  of^  164. 

Imugc^r  dioptric,  of  the  eye,  calcula- 
tion of  the  posiiiou  and  magnitudes 
of  the,  70. 

Inatiftiriency  of  the  internal  recti 
muticltB,  a  result  of  myopia,  4o2,  426. 

Interval,  focal,  of  Stcirm,  453. 

Iriddesi^  in  astigmatism,  511;  double, 
Mr.  Bowman  on,  552,  and  note. 

Iridectomy,  necessity  for,  in  Glaucoma, 
235,  in  operating  for  cataract,  315. 

Iiis  muscuUr  fibres  of  the,  23;  move- 
ments of  the,  572;  direct  and  con* 
aensual  contraction  of  tlie,  573. 

Jacob,  membrane  of,  1. 

JacobgoQ,  on  iridectomy  in  operating 
for  cataract,  316, 

Jaeger  (von),  his  Bpectacle-framc,  97* 
nott;  on  hypermctropia  as  a  diag- 
nostic sign  in  affections  ot  the  central 
nervous  sjatem^  244,  note;  on  the 
derelopment  of  eyes,  25 1 ;  on  accom- 
modation in  apbakiH,  321;  ophib&l- 
m  oscopic  d  eterm  i  nai  ion f>  of  the  refrac- 
tion of  the  eve,  by,  331 ;  on  the  pro- 
gres&ion  of  myopin,  349;  on  the  fre- 
quency of  myopia  among  the  lower 
1  losses  in  Austria^  353 1  re  prise  uta- 
tions  of  the  tundus  oculi  of  the 
myopic  eye,  by,  referred  fo,  356,  note; 
on  change  of  form  of  the  op  lie  disc 
in  myopia,  358  ;  on  hereditary 
atrophy  of  the  retina,  361;  on  the 
fretiucncy  of  atrophy  in  high  degrees 
of  myopia,  365,  on  the  ophthalnio- 
Bcopic  examinution  of  the  myopic 
eye,  366;  on  myopia  as  a  result  of 
partial  accommodation  for  near  ob- 
jects^ 3(>9;  on  prolongation  of  the 
visntl  sxii  in  myopia,  371;  on  the 
Btracture  of  the  optic  neri^o  in  myo- 
pia,  377. 

Janin,  early  nequnintcd  with  hypcr- 
metropia,  32r),  note. 

Jones  (What  tun),  on  the  cauae  of asiig- 
matigm,  542. 
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JuQfkMi,  on  keUtudo  vituM^   370,  cm 

the  hen'diUry  nature  of  my opta,  350. 

Junge  (Prole**or),  hi*  method  of  d€- 
tertuiaiag  the  position  of  ibe  ceaCrD 
of  mollon  of  the  eje,  185;  on  spaam 
of  accommodadon  in  high  degpeei  of 
myopia,  393. 

Jiirin*  acquainted  with  the  larger  paptl 
of  mjopes,  368. 

KaHflec,  abseDce  of  mjopia  among  (he, 

342. 
Kepler*  on  the  accommodation  of  the 

eye.  10;  the  aathor  of  our  first  know* 

ledge  of  myopia,  444. 
£erato>contu,  j«e  cornea,  contcaj. 
iKeni,  on  **  myopia  at  a  dijttaiicc,*'  328* 

551. 
Koapp  (Dr.),  on  the  accom  modal  ion  of 

the  eje,  16  ^  on  the  rariable  form  of 

the  optic  disc  in   asiigmntifem,  489; 

on  a  pecnlitr  form  ot  the  crTStalline 

leni  producing  astigmatism,  531. 
Kimnfe  (C),  on  the  presence  of  gan- 
glionic cells  to  the  orbicolaria  cdiaria, 

f^trred  (o,  576. 
^Kranse  (W,),  on  the  strnetnre  of  the 

ntUiA,  f^errtd  (o,  6;  on  the  ofhicuUtM 

Mmit,  576. 
Kreche  (T)r.),  on  btnocnkr  vision,  133; 

on  pnamatic  spoctmcUa  in  itrabismas, 

170. 
f  Rnjper  (Dr.),  on  the  mydriatic  action 

of  weiker  eolations  of  atropia,  5B7. 
Kyklttit,  370  i  meaning  and  deriTation 

of  the  term,  ix, 

tXiangenhe«k  (M&ximilian),  on  the  re- 
fiected  images  of  the  lens,  11. 

[Xiswrence  (W.),  on  asthenopia,  270. 

I  Xnens,  biconvex,  refraction  through  a, 
44^  ncjdiil  points  of  a,  45  j  principal 
points  of  a,  50;  definition  of  the  fi*ci 
of  a,  56;  astigmatic,  of  Stokes,  465. 

fX^enses,  varieties  of,  135;  cylindrical, 
nse  of,  in  astigmatism,  501*. 

|rXen«,  the  crystidliDe,  alteration  in  ac- 
commodation, 13;  elasticity  oft  21; 
inflnence  of,  in  astigmatism,  467; 
displacemeot  of  the,  a  catise  of  irre- 
guW  aetigmati»m,  555. 
Liebreich,  representatioDS  of  the  fandns 
ocali  of  the  myopic  eye,  hj,  r^err^ 
to,  356,  note;  on  change  of  form  of 
the  optic  disc  in  myopia,  358 ;  on  the 
ophihalmoficopical  examination  of 
highly  myopic  eyes,  367 ^  case  of 
recovery  by  spontaneous  replace- 
ment of  detached  retiL^a,  by,  400; 
repnesentation  of  rapture  of  \he  re- 
tina, T^fBrrtd  to,  432,  mte. 


Light,   homocentnc   449; 
matic  anri  •-    -       ^,  450, 

Listing,  on  T  iht  «ye,  f»- 

ftrrtd  io,  i-   .  .  :  ca-rf 

of  retni«!tion«  3*j;  dtngrama 
of,  177  i  on  entoptic  phe 
203;  on  the  diifuBioa  of  lighi,  ] 

Mac  GillavTV,  on  the  extent  of 

modaiion,  ftftrrtd  tOy  111  »o<e.  117»] 
330;  on  the  r«lative  range  of  atfftf»i» 
modatton  in  m/opia^  fV«rrW  te, 
448. 

Maf'kcnfie,    on     the    nanco-lachrji 
Kpectmm,  203;  on  astiicnopia, 
observations  on   the   byperm«i 
condition.  325,  328;  on  the  cause 
myopia,  447;  on  astigmatism,  539. 

Magnitude,  estimaiion  oC  153. 

Mariotte,  blind  spot  of,  3,  397* 

Mauroljcns^on  the  action  of  the 
talUne  lens,  444. 

Meissner,  on  the  movementa  ot  the  m, 
f^&rtd  to,  180,  woU. 

Menisci,  advantages  of,  136* 

Meyer,  on  the  reflected  images  of  the 
lens,  rt/errtd  to^  1 1 . 

Microscopes,  elTect  of,  on  the  accom- 
modation of  the  eye,  US, 

Middelburg,  Dr.,  on  the  seat  of  aitig 
milium,  referred  to,  462. 

Mtle,  on  the  position  of  the  oeni 
motion,  180. 

Monochromatic  light,  450. 

Montncls,    his   cHticism    of 
ABironomice  par*  optUa,  445. 

Mooren,  on  the  useofconvexglasi 
Rtnibi£mu8,  305 ;  on  the  coexisteoce 
of  hypermetropia  and  s  ^rabismiis  con* 
vergens,  rtjerred  to,  309;  on  iridi 
tomy  in  operating  fur  cAcaract,  3li 

Moser,  on  the  dioptrics  of  the  eye^ 
/erred  to,  38. 

Motion,  centre  of,  of  the  eye,  179. 

Movemeots  of  the  eye,  179;  lit< 
of  the  subject.  ISO,  note. 

Mnco-tacbrymal  spectrum,  thc^  197- 

Mueller,  H.,  radiating  fibres  of,  3; 
the  sitaation  of  the  perceptive  layer 
of  the  retina,  5;  his  theory  of  accom- 
modation, 27  ;  on  the  foriDation  of 
elevations  on  the  choroid,   192;  on 
the  state  of  the   rL^tina  in   myopf 
378;   on   the  presence    of   muscuf 
fibres  and  of  ganglioiac  cells  in 
choriojdea,  381  itofe,  576. 

Mueller,  John,  on  a  connexii>n  between 

convergence  a.r>-''  t  niation,  re- 

/erred  to,  110:  locongruns 

of,  250;  on  strA,.,-x.^  ,  114 

Mnscic  Toliiaates»  l!i7 
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f  tbt  ellUiy,  23. 
c1e9,  iDiofliciencj  of  the  intenial 
recti  a  result  of  myopia,  402,  426. 

Moaniliir  elenaents  of  the  eye,  23. 

Mjrdiiatics  and  iheir  actii^n,  584. 

Mjopee,  the  vision  of,  387  ;  Calabar 
oean  useful  to,  388. 

Mjpopia,  dtfMiiLiori  ol,  8^;  diaguosb  of, 
332,  detvrmmaiioo  of  the  degree  of, 
337  ;  comparntive  fircqiieticy  of  its 
occuTfence,  340;  intiut^nce  of  social 
positicm  on,  343 j  progressive  nature 
of,  344^  predi-poj^iiiiii]  to,  349;  **  at 
A  diitAiicc,"  328,  351  ;  nou* implica- 
tion of  the  iena  in,  352  ;  principal 
anatomical  rh*ing:es  m,  3.'i4  ;  ititer- 
mittcnt  spa*m  of  accnmmodaiiun  a 
c^ose  of,  370 J  qtitetion  of  it's  ctirt- 
bSlity^  417;  choice  of  spectaclee  in, 
420;  tberapeulic  treamient  of,  429 1 
cases  illustrative  of,  433;  historical 
remarks  on,  444, 

Myopic  eyt",  advantages  of  the,  213i 
result  ol  the  ophthaltfloscopic  inves- 
tigation of  the,  353;  anatomy  of  tlie, 
367* 

My  oped  ion  hot  icon,  BertholdX  417. 

Myotics  and  myoflts^  610. 

Naffcl,  on  binocular  vision^  referred  to, 
16L 

Nancy,  a.«ibenopta  among  the  em- 
broiderers of,  272* 

Nerve,  syinpaihetk':,  Iivfiuence  of  the, 
upoQ  the  pupit,  578 

Nerves,  in  tint  nee  of  the,  upon  occom- 
modation  end  upon  the  movementfi 
of  the  iris,  572;  action  of  mydriatics 
upon,  588;  acrion  of  myotics  on, 
615. 

Nodal  points,  anterior  and  posterior, 
29;  of  a  lens,  45;  calcuiation  of  tbo 
position  of  the,  in  the  eye,  65. 

Nuhn,  on  the  ertVct  of  acetate  of  lead 
and  acetic  arid  on  the  zonula  Zin^ 
niit  25;  on  diktjition  of  the  pufjil  in 
dcctapitated  criminal,  ff/erred  to, 
7. 


Oculo-nmror  mrve,  action  of  the,  upon 
the  s|.hincttr  of  the  pupil,  577. 

Opbtlialmometer,  the,  descnbcd,  17 
tt  »eq, 

Ophihilraoscopc,  the,  16;  applicmion 
of  the,  in  the  clioital  dvttrminiition 
of  ametropia,  ll>5;  ni^e  ot  in  the  de- 
tection of  astigtnatism,  551. 

Optic  disc,  change  of  (urm  of  the,  in 
myopia,  358 ^  Tariable  lorm  of  the, 
in  asiigmaiism,  490. 

Optical  centre,  49 


Optometer^  the,  described,  33  {  desirrip* 
tion  o(  an,  115. 

Ordeal  bt&n  of  Old  Galabaj — see  Cala- 
bar Bean. 

OversightednesF,  Ructe  on,  329;  Stoll- 
wag  Tun  Carion  on,  330, 

Pagenstechcrand  Saemii^ch,on  corneal 
spots  in  sirjibismus.  29G  ;  on  the  co- 
existence of  hypormetropia  and  stra" 
b ism  us  convtrgens,  re/erred  (4)^  309. 

Fagetistccher*  on  iridectomy  in  operat- 
ing for  caTaraet,  316. 
I  Panum,  on  bmocular  yision,  r^trtBdio^ 
161, 

Paralysis  and  debility  of  accommoda- 
tion, 584  J  treatment  of,  596;  Dr, 
WelJs  on,  597, 

Paresis  of  accommodationt  the  result 
of  angina  diphthertna,  287,  599  j 
proximato  cause  of,  608. 

Percy  and  RcveiU^-Fari&o,  on  the  focal 
distance  of  the  crystalline  lens  in 
myopia,  369. 

PirrlsGopic  glairses,  136. 

Petit,  on  the  influeDceoftbesyinpatbetic 
nerve  upon  the  pupil,  tef erred  to, 
578. 

Petrequin,  on  tbe  catuo  of  asthenopia, 
270. 

Ph*icoidoscope,  the,  d escribe d^  16. 

Pieock,  on  astbenopiii,  269. 

Foima,  nod«l,  29;  of  a  lens,  4.'*,  car- 
dinal, 39;  prkicip&l,  of  a  leuii,  50; 
principal  and  nodslj  conditions  for 
the  cuinctdfnce  and  non -coincidence 
of  the,  52j  53;  cardinal,  of  the  eye, 
general  indieaiion  of  il»e,  62  ;  prin- 
cipal, In  the  eye,  calculation  ot  the 
position  of  the,  63;  nodal,  calcula- 
tion of  the  po&itiun  of  the,  65;  car- 
dinal, review  of  the  position  of  the, 
in  the  eye,  67 ;  use  lo  be  mode  of'  the 
knowledge  of  the,  68;  retinal,  law 
if  identical  or  corrcspondiDg,  164. 

Folycipia  oniticularis,  deptndeut  ou  the 
l«n»,  451,  545. 

Porta,  J.  Baptists,  inventor  of  ibe 
cami^ra  ofjscura,  444. 

Porter  field,  on  a  councxii>n  between 
convergence  and  accymmodation, 
ftferrtd  io^  110;  acquainted  with  the 
larger  pupil  of  myopes,  388, 

Position,  stooping,  evils  of,  in  Myopia, 
419, 

Presbyopift,  definition  of  93,  204;  ety- 
mology of  the  term,  210,  iiectssiiy 
for  the  tcrtii,  211;  ire<titnent  ot,  215; 
causes  of  early ^  223. 

Presmyop<a,  term  employed  by  J,  A, 
Hess,  329. 
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FMrMf,  cm.  Um  vK^tioit  of 

Pr^im^anlia  tdetalt^,  in  the  foetal  ejP* 

▼on  Asnmon  an  ib€,  36  S. 
Ptipil.  »c'ion  of  th«  ocnlo-motor  ocrre 

iH»fin  the  sphincter  of  ihe.  ST7, 
T^arkinje's  expeniDent   n^pfctioir   the 

p«rc«ptiTe  Uj«r  of  the  retinik  5;  on 

the  rt^cted    im«gei  of   tlie    Itns 

II. 


Dtaof 


llwStat  of  tbe  comeft, 

TUng«  of  ftccomroodAtioa  in  the  eje, 

12^,  72,  llO;  abfolnte.  binr^caUrf  ■nd 
nstiitvo,  U2;   moJificAtion  of  the, 
145. 
n«nkiae,   Mr.,   Urmi  bornnred  tnmt 
liLcklini^^hfiiipen,  ott  ihe  faoction  of  the 
rr Him  and  binoctdftr  viaioo,  rc/<$fr«l 
t9,  161,  M>r«. 
U^friMsiing  surftrcs  in  the  eye,  38, 
It*f»r«''tion,  coefScieiit  of,  a^  fixed  by 
lAitiiig,39;  by   a  spherical  surface, 
40g  tliroqgb    a    Mcoovex  lens,  44; 
through  a  compoand  ey»tem,   con- 
Ljfiflttog  of  a  spherical  vurface  and  a 
fViconvex  lens,  62  ^    d«f«cu  of;  80; 
Bormal,  definition  of,  81 ;  caofci  of 
the  defecia  o^  66  ;  anotnaiieii  of,  171 ; 
■  cauFO  of  the  ditninatioit  of,  206:  bj 
I  »\vtDtnptrietit  earfdce$,  457;    dt^r- 
"  ence  of.  in  the  two  eyes,  557, 
E«giun  of  acccimmodatioR*  modifica* 

tion  of  the,  1 50. 
R«i(l,oQtheinf!ticace  of  the  *>-ni  pathetic 

m^rvc  npou  ihc  ptipil,  578 
ItetitiA.  fiinc^ion  of  the,  I;  btracture  of 
itic,  2;  appearance  of  the,  in  tnynpia, 
377;  detachment  of  the,  in  asyapiJi, 
308. 
HetitiRl  pointJL.  law  of  ideaticaU  or  cor- 

rehpondin?,  164. 
Kei  noMs  (Sir  Jo»btia),  ep€ctac1e«  used 

by.  '2'IB. 
Kitrerich,   on  itrablsmufl,   rf/erred  /o, 
328;  on  pear-shaped  eye  in  myopia, 
447. 
Ructrt,  on  specraclea,  reftrred  U>,   170; 
on  iho  TDOvements  of  tlie  eye,  rf/erred 
to,  180,  note  ;  on  the  cause  of  asthen* 
opia.  i27l ;  on  the  treatment  of  hyper- 
metropia,  275;  on  "oversighrednes-*," 
32l»;  on  increft*e  of  siae  of  the  pupil 
by  atro^iia  in  cjisc^  of  paralysis  of 
ifiis  octilo-motor  nerve,  589. 
Kuiter  (Dr.  de)»  on  the  mode  of  action 
of  mydriaiics,  588. 


Saetnitch,  on  the 
ofiir  cclb  in  th« 
Co,  57&. 

S«f»»on,  oil  the  dtttgno^ia  of  dUoni, 
r^emdto,  IK 

Scarpa,  on  a^thmopla,  ^70^  on  elliini' 
difcl  furm  of  the  eye  iti  m|<fii. 
reftfTtdto,  371.  447. 

Schciuer,  ^xperi^lent  of.  55 j  Offt  thi 
TiMnn  iif  myopea,  446^ 

Sebn  Viler  ( PjutdrX  on  astipnattm  i» 
his  own  eye,  54  K 

8ebnrman  fMr.),  oQ  the  mobility  of  tb» 
eyea  in  miopia,  409|  ni&tM. 

Seotomata,  oecntrcoee  of,  is  vyofiA,' 
396. 

Seoff,  on  the  refrmetiT«  power  of  ik 
lend,  referred  Co,  39,  ^06. 

SicheU  on  a»ib«iiopia;  370 ;  on  §m\if 
ofiu  prubjftiqut  eomfhdiaU^  SS& 

Boiee,  Titnometer  o^  116;  pantoRcofit 
spectACle«  of,  227  ;  on  the  hypenue* 
tropic  ronfiit'on,  32^. 

Sit  :  rr),  t,n  acrommodatieo  of 

1  rrrttf  fo,  391,  446. 

SnriM  u  1  '>i-;  fYKtem  of  test-trpci  fc^, 
33,  97,  189;  on  dimination  of  direct 
Ti^ion  in  the  region  of  the  yello* 
s[>ot  in  amblyopia^  397. 

Sotteaa,  on  the'  motion  of  mnjefle  Toli- 
(antes,  referred  to,  202, 

Spas  tn  of  Hccum  modal  ton,  610. 

Spef*tacle#,  127  ;  Btenopcetc,  12*  ; 
prismatic,  132:  peri»copi'%  136j 
choice  of  m&teriaU  for,  139;  infla* 
cnce  of,  on  vision,  143;  urccn  tad 
bloe,  170;  in  atrabt^mas,  170,  Wijn- 
gaarden  oxi.  referred  /o,  170;  prema- 
tore  nse  of,  219  ;  form  of,  in  pre»by- 
opi*,  227;  dis^f-  --  »^  ■  Bruecke, 
229;  seleclioD  oK  i.  420. 

Spectrum,   the  m<'  .   ^aJ,  197  ; 

of  the  vitreoua  humour,  the,  197;  of 
the  CT^Btalltne  lens,  200. 

Speech,  pecalinr  le&ion  of,  in   pare&if 
of  accommodation  after   diphtheria 
,  faacium,  601. 

SpbericAl  aberration,  45iX 

Staphyloma  po^ticam,  nearly  dynony- 
moQSwith  myopia«354;  development 
of,  378;  connexion  of,  with  inflam- 
mation, 363;  predispofitng  cause  of, 
385;  dcvclopraeni  of  glaucoma  with 
high  de^re^  of,  402. 

Steinheil,  glass  conns  of,  424  - 

Stcllirag-  (von  Can  on),  the  claims  of, 
considered,  108;  on  the  caufo  of 
asthenopia,  273 j  on  hrperpre^byopia, 
325  ;  on  oversi^hteducis,  3.10 ;  on 
myopia  as  a  result  of  partial  acoom- 
modatton  for  near  otgtcii;,  369  ;  on 
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Me  refraction  and  polarigatmn  of 
Bitht  in  the  liuman  eye,  rv/erred  to, 

Itennpjfic  8pec»flcle»,   128;  dfriTatbti 

of  the  ttrm,  129. 
Sleret>sc;>|iic    vision,    modincation   of, 

ir*i. 

Dket    (Profeiscr),  l^is  method  of  de- 
btermining  the  dtgrce  of  ustijjmnti^m, 
[485  ;  iL^ti^maiic  lens  of,  4aS.x  540. 
iTahiitmuii,  u^c  of  prbm.itic  spectacles 
j  in.    170j  aprtflTent,  244;    inconffruyt, 
I  of  MmcIIi T.  250  no(r ;  conver^ensi  ihe 
I  reaoU  of  hipermetropia,  291,   306; 
nee   of  convex  glaasea  in,  305  ;  di- 
veTg<*nfl,   a  reault  of  myopia,  402  ; 
absolute  diTcrgin^i   409  ,   views   of 
Buffon  rcspeciiflg.  413, 
lurm,  foefti  intervul  of,  453, 
Sarf^ces,  rcfrdcung-,   in  the   eye,  38  ; 

principal,  si^niiicatmn  of  the,  52* 
Snrfacc,  spberical,  Tcfraction  by  »,  40  ; 
and    biconvex    lens,     ro fraction    by 
a  compound  syBtem  consibting  of  a, 
62. 
Syra path e tie  nerve,   influence  of  the, 

upcm  the  pnpil,  578. 
Syphiliif,  a  eausie  ol  paralysis  of  aceom- 

modaiiofi,  59  G. 
Szokal^ki,  i»n  the  effect  of  sneial  posi- 
lion  upon  myopia,  rejtrred  h,  342, 

Taylor,  <*n  wsihtnopia,  269, 
Telescopes,  cflFtcrs  of.  on  the  accommo- 
dation of  the  eye,  148. 
Tenotomy  of  the  mutjculus  rpctua  ex- 

temuji,  von  Gtaefe  on,  423, 
Test-rvpefi,  system  of,  by  l)r»  Snellen, 

32,  97,  189.' 
Trigeminus,  in^ueoce  of  the,  upon  the 

iris,  580 
TynHill    (Mr.   John),   on    heat  eofi- 

giilcrcd  as  a  mode  of  motion*  r^erred 

io^  26.*^,  fwte* 
Tyrrell,  on  ihe   cause  of  a«thcnop[a, 

270  ;  on  the  ircntmcnt  of  byperme- 

tropta,  275. 

Valentin,  on  tho  position  of  the  centre 
of  motion,  180, 


KerrM  ii  doufde  fof/fr^  138. 

Virtniil  fiicns.  i35. 

Viskm,  conditfoTis  of  accurate,  1;  in- 
Huenee  of  plusscs  on,  143  ;  stereo- 
scopic, niodilicaritjo  of,  161;  nioHifi- 
eation  of  acutencRS  of,  by  ige,  188; 
of  myopfs,  387  ;  disturbance  of,  in 
astij^oiuiism,  4S9,  513. 

Vii'tujmt  terj  Hmee's,  1 1  (5. 

Virreows  humour,  spectrum  of  the, 
197;  change<«  in  the,  in  niyopin,  401. 

Volkmann.on  biooci*lftrvifti'tn.rf/#iTerf 
to.  161,  note;  on  the  position  of  ibe 
centre  of  motion,  180. 

Ware,    Jaine»,    entitled    to  be  called 

the    discoverer    of    hypermetropia, 

326  i  on  the  eHect  of  aociaL  position 

upon  myopia,  342. 
Wed],  on  the  fotmHtion  of  elevations 

on  ihe  choroid,  192. 
Wells»  Dr.,  an  early  writer  on  hyper- 

nieiropia,325 ;  cm  the  inl!u*nt:e  ul  rny- 

dnaties  upon  accommndaiinn,    591; 

on  par*ilyMB  of  accommodation,  597. 
Wellfl,   Sioelberir,  on  the  nni^mjilies  of 

refraction,  referred  to,  331. 
WheatstoneT    on    stereoscopic    rielon, 

161  ;  his  rejection  of  the  theory  of 

idenricAt  retinal  points.  1G4. 
Wbewcll,  Rev.  Dr,  author  of  the  term 

"astJiriniyi-iiu,"'  451, 
Wildfi',  Sir  W,  R  ,  on  the  cause  of  astig- 

m^rifiui,  342. 
Wundt,  or^  binocular  vision,  referred  tOt 

161,  note ;  on  the  moteraents  of  th© 

eye,  r^ftrrtd  to,  180»  fwfe. 

YcHow  spot,  changes  of  the,  in  myopia, 
359. 

younpr,  Thomas,  on  acconimodatton  in 
the  eye»  lo,  on  the  Riruciure  of  the 
lens,  39,  206,  324 ;  on  the  absence  of 
arcommudation  in  aphakia,  3L9;  the 
dlHCoverer  of  iwtigmatt^m,  454*  456, 
539;  his  method  of  deicrmiuing 
the  degree  of  o^tigmtiti^m,  483;  on 
the  correction  of  atti^imHtism  by  an 
i^bltqne  position  ol  suitable  glrt.Nses, 
456,  510  J  on  iheeire'es  of  diffusion 
o!  a  point  of  light,  549. 


Printed  bj-  J,  W.  Bocaa,  &,  Klrby  atr«et,  tlattoQ  Qarden. 


LANE  MEDICAL  LIBRARY 

STAMFomo  Umivs&sity  Medical  Ckntcr 

Stanford,  Cai^ifornia  94305 

Ignorance  of  Libiarv's  rules  does  not  exempt 
violators  from  penalties. 


1986 


ni*jj  27^99 


'''^^2ns9i 


2»«-f-7»-"«^* 


D77 


UNE  MEDICAL  LIBRARY 
STANFORD     DIVERSITY 
MEDICAL  CENTIR 
STANFC'tD,  CALIF.  94305 


